AUSTFL^LIA 

Patents Act 1990 

IN THE MATTER OF Australian Patent 
Application Senal No 696764 by Human Genome 
Sciences, Inc. 

-and- 

IN THE MATTER OF Opposition thereto by 
Ludwig Institute for Cancer Research 

, STATUTORY DECLARATION 

I, Kan Alitalo, a Research Professor of the Finnish Academy of Sciences, at The 
Molecular/Cancer Biology Laboratory, Biomedicum Helsinki, P.O.B. 63 (Haaitmaninkatu 8) 
0001 4 University of Helsinki, Finland;, dp solemnly and sincerely declare as follows: 

Introduction 

1.1 In February 2000 I executed a first statuto.ry declaration (hereinafter referred to as 
"OKAl" (Opponents, Kari Alitalo, Declaration)) to provide expenmental evidence in 
support of the opposition filed by Ludwig Institute for Cancer Research ("Ludwig 
Institute") to the issuance of a 'patent to Human Genome Sciences, Inc., ("HGS") based 
on HGS's Austrahan Patent Application No. 696764 ("the opposed apphcation"). That 
first declaration included a brief summai7 of my scientific credentials and an introduction 
in which I set forth some conventional temiinology and relevant background mfommtion 
regarding VEGF-C and signal peptides. 

1 .2 . The patent applicant HGS subsequently filed declarations from tliree sciendsts, Jennifer 

Ruth Gamble (hereinafter "AJGl"), Nicholas Kim Hayward ("ANHl"), and Stuan A. 
Aaronson ("ASAl")- Those declarations take issue with aspects of my first declaration. I 
note at the outset that HGS filed three additional declarations from three additional 
scientists (John Stanley Mattick (^AJMl"), Susan Power C'ASPl"), and Tom Rapoport 
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CWTRV')) that neglected to comment directiy on the issues raised and/or experiments 
described m my first declaration. Therefore, my initial comments in response to HGS's 
declarations will be directed principally to the criticisms raised in AJGl, ANHl, and , 
-ASM. . 

1.3 Second, Ludwig Institute also asked me to provide infomiation regardmg sequencing 
■ analysis of Human Genome Science's VEGF2' clone, deposited with the ATCC and 

refeiTcd to in the opposed application (as amended). That sequence analysis will provide 
helpful information for replying to issues raised by all of the declarants, but especially Dr. 
Power. 

1.4 Third, Ludwig Institute asked me to comment on the relevance of certain experiments that 
Hunian Genome Sciences asked Dr. Susan Power to perform, and that were summarized 
mASPl. 

Reply to criticisms of my initial experiments and first declaration. 
A, Initial observations about the weight of evidence. 

2. 1 I have reviewed all of the comments made in response to my first declaration. The 
cnticisms regarding the experimental design and the data obtained as a result of my 
expression studies do not cause me to change my opinion as set forth in my first 
declaration. I note that AJGl, ANHl, and ASAl fail to offer scientific data in support of. 
" their criticisms and fail to demonstrate that expression of VEGF2 according to the 
opposed appUcadon is feasible. Instead, the declarations recite potential shortcomings in 
the express teachings of the opposed application and potential remedies thereof (AJGl at 
6.5; ANHl at 3.13o.20; ASAl at 16). If an objective scientist were to study all of the 
expenmental evidence initially presented by the opponent and HGS in this opposidon, the 
scientist would conclude that there is one set of experiments (reported ui my first 
declaration) that VEGF2 as taught in the opposed application is not expressed and 

' I note that the body of the specification of the opposed application refers to 
"VEGF2" whilst the claims and the HGS declarants refer to "VEGF-2'\ I assume that those 
terms are used in the opposed application and by the HGS declarants to refer to the same thing. 



secreted, and no evidence whatsoever to the contrary. In any event, the further 
expenments conducted in my laboratory that I describe below provide still more evidence 
in support of the opponent's position, 

2.2 Dr. Gamble cnticized my first declaration by observing- that *I already kmew, before 

conducting any experiments, that the 350 amino acid VEGF2 did not have a proper signal 
sequence. (AJGl at 7.41 .) She is correct that by 1996 we had evidence that the relevant 
gene encoded a protein of 419 amino acids (not 350) and that the working signal peptide 
was from the pait that was "missing" from the 350 amino acid VEGF2 sequence in the 
opposed application. If she thinks that this prior kiiowledge should have been used in my 
experimental design or that failure to do so represents a fault in the, experimental desia:n, 
then she misunderstands the purpose for my experiments. It is my understanding that the 
purpose of the opposition proceeding is to evaluate the merits of the HGS patent 
application, from the vantage point of early 1994, when it was filed. What I or anybody 
else knew in 1996 from my independent research should not confuse that inquiry, and 
certainly should not be credited to HGS. In fact the opposed patent application teaches a 
350 amino acid VEGF2 and says that this sequence consists of a leader sequence of 24 
amino acids and a mature sequence of about 326 amino acids. Since the patent 
■ application contained no experimental evidence whatsoever to support that assertion, I ran 
a set. of expenments to see if it was correct or incorrect. The expenments showed that the 
patent application was wrong. Additional expenments, reported below, confirm that the 
opposed application v/as wrong. 

^ B. My initial experiments were patterned from HGS's own teachings. 

2.3 As explained in detail by Dr. Rogers in his first declaration, the opposed application taught 
an incomplete VEGF2 sequence lacking N- terminal amino acid sequences from the 
VEGF2 cDNA and protein. HGS filed a second application (Document D44, hereinafter 
referred to as "HGS 11") in June 1.995, which is not the subject of this opposition, but 
which is relevant because it pertains to a "full length" VEGF2 that is not missing the N- 
tem-iinal sequences. Example 3 in HGS II provides a method for the expression of 
recombinant VEGF2 in COS cells. With the exception of the cell line, I generally 
followed the expenmental design taught in Example 3 of HGS II in my first declaration. 
(For example, HGS II teaches to express VEGF2 with an HA tag fused' in-frame to the 3' 
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end of VEGF2-) I used 293T cells for my expression studies since it was kiiovvn at the 
time of the experimentation that the 293T cell line allows greater proteolytic processing 
and thus enables VEGF-C precursors a greater opportunity to become secreted. This 
phenomenon was, in fact, pointed out in each of the declarations (AJGl , Paragraph 7.45; 
ANHl, Paragraph 5.5; ASAl, Paragraph 10), If anything, the criticisms by Drs. Gamble, 
Hayward, and Aaronson of the experimental design and evidence supplied in my first 
declaration provides evidence that HGS 11 fails to teach a viable method for generating the 
VEGF2 protein. The Patent Office might wish to forward the criticisms provided by ^ 
HGS's'experts to the appropriate examiner handHng the HGS II application in Australia. 

2.4 Dr. Gamble, Dr. Hayward, and Dr. Aaronson all criticized my initial work for using an HA 
" tag to make the VEGF2 construct. (See, e.g., AJGl at 7.43 - 7.44; ANHl at'-5.3-5.4 and 

5.6-5.10; and ASAl at 7 - 13.) Use of the HA tag was allegedly taught in the opposed 
application (see, e.g., page 8, second full paragraph), and, as explained above, was 
explicitly taught in an Example of HGS II. If the HA tag causes any problems, then it 
reflects another defect in the teachings of the application and the teachings of HGS II. 
And, none of the scientists appears to believe that an HA tag causes any problems, / 
according to other parts of their declarations. (See AJGl at 7.45; ANHl at 5.5; and . 
ASAl at 10.) In any event, I repeated the experiments- for this declaration and used a 
VEGF-C antibody to precipitate both VEGF-C and VEGF2, thus answering the criticisms 
of Drs. Gamble and Hayward. As reported below, the VEGF2 taught in the patent 
application still was not expressed and secreted. 

C. HGS Patent Application 714484 is irrelevant 

2.5 In this paragraph I respond to similar allegations of Drs. Gamble, Hayward, and 
Aaronson, in which all three declarants attempt to obfuscate the problems in the opposed 
patent application by relying on information in a totally different patent application: 

2.5.1 Dr. Gamble expressed the following opinion at AJGl at 7.45: 

I, 

In HGS' Australian Patent No. 7,14484, a monoclonal 
anti-HA antibody was used to successfully 
immunoprecipitate VEGF-2 which had been modified to 
contain an HA epitope at its carboxy terminus. It is unclear 
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to me why Dr. Alitalo apparently was not able to isolate 
VEGF-2 using a His tag at the C-temiinus. One 
explanation may be the type of mammalian cell line used m 
the experiments .... 
2.5.2 Dr. Hayward made similar declarations at ANHI at 5.5: 

HGS scientists have reported the successful isolation of a 
modified VEGF-2 protein contaming an HA tag at its 
carboxy temimus using a monoclonal anti-HA antibody. 
(See, HGS Australian Patent No. 714484 and Hu JS et al 
(1997) FASEB J May;l l(6):498-504). These studies were 
conducted in COS cells, whereas the experiments set forth 
in Dr. Ahtalo's declaration were conducted in 293T cells . . . 



2.5.3 Dr. Aaronson made similar declarations at ASAl at 10; 

The HGS scientists have reported the successful isolation of . 
a modified VEGF-2 protein containing an HA-tag at its 
carboxy tenninus usmg a monoclonal antibody to HA (See, 
HGS Australian Patent No. 714484 and Hu J-S- et al. 
FASEB J. 11 (6): 498-504). However, the HGS studies 
were conducted in COS cells, whereas Dr. Ahtalo's 
experiments were conducted in 293T cells ... . 

2.6 As Drs. Gamble, Hayward, and Aaronson all know, the HGS patent document 714484 to 
. which they refer is not the opposed application. Instead, document 714484 is the 
Australian version of the second' application (HGS 11) that HGS filed after they realized 
that the VEGF2 in the opposed application was incomplete.' Even if the HA tag was 
. used successfully in an experiment in HGS II, that'-experiment related to 419 amino acid 
VEGF2, and not to the merits of the opposed appUcation, which taught an incomplete 
VEGF2. The results reported in my first declaration for VEGF2 were negative because 
cells cannot express and secrete the incomplete VEGF2 molecule as taught by HGS. Dr. 

' The 1997 publication referred to by Dr. Hayward and Dr/Aaronson was pubhshed 
even later than HGS II was filed, and also relates to the 419 amino acid VEGF2. ^ 
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Gamb.le and Dr. Hayward's speculation about cell lines is wrong, as shown in the 
additional experiments that I describe below. 



D. Additional experiments to prove that VEGF2 cannot be expressed and secreted. 

3.1 Ludwig Institute asked me to design and perform further protein expression studies that 
would address concerns raised by AJGl, ANHl, and ASAl directed towards my first 
declaration. The following analyses of VEGF2 expression, proteolytic processing, and 
secretion profiles provide further support that the opposed application fails to teach a 
VEGF2 that can be expressed and secreted: 

1. Background/Review 

3.2. VEGF2 taught by HGS in the opposed application corresponds approximately to amino 
acids 70 to 419 of the human VEGF-C prepro-peptide. Like most complete protein 
coding sequences, the VEGF2 tauglit in the opposed application starts with a methionine. 
However, as analyzed by the Signal? program at Center for Biological Sequence 
Analysis, The Technical University of Denmark, this protein does not seem to contain a 
signal sequence (See OKLAl at 7T). Ainong the approxmiately 70 amino acids that are 
. missing from the N-term:nus of VEGF2 in the opposed application are the initial 
approximately 31 ammo acid residues that represent the VEGF-C signal sequence, 
responsible for directing secretion of the polypeptide. 

2. Experimental Procedure 

3,3 Cells and Plasmids : 

33.1 A pnncipal cnticism from the HGS experts, was the use of the 293T cell line rather 
than the COS cell line. Of course, nothing in the opposed application teaches that 
293T cells should not be used.^ However, in order to fairly evaluate the assertions 



Contrary to anything stated or implied by the HGS declarants, the opposed 
application has no workmg examples mvolvmg COS cells or other cells. The opposed application 
mentions COS cells among a list of exemplary cell Imes at page 15. 



made by HGS's . experts, I performed parallel expression studies in both cell lines 
for this declaration. 293T and C0S7 cells were grown in DMEM supplemented 
with 10% fetal bovine serum, glutamme and penicillin/streptomycin. 

3.3.2 The polymerase chain reaction (PGR) was employed to construct a DNA fragnient 
that corresponded to amino acids 70 to 419 of prepro-VEGF-C. Ammo acid 

, residues 70 to 419 of prepro-VEGF-C corresponds essentially to the full length 
sequence of the VEGF2 polypeptide described in the opposed application. 
Nucleotides 559 to 1608 of a VEGF-C cDNA (GenBank accession number 
■X94216) were PGR amplified with the pnmers 5'- . 

CGG GGATCC ATGACTGTACTCTACCC Ao ' containing a BamHI site and 5 - 

-CGC TCTAGA TCAAGCGTAGTCTGGGACGTCGTATGGCTACTCGAGGCTCATTTGTGGTCT-3' 

coritaimng a Xhol site, HA-tag, a stop codon and a Xbal site. The PCR-amplified 
DNA was cloned into vector pcDNAl(Anip) (Invitrogen) and the resultant vector 
was designated as VEGF-2(HGS)/pcDNAl. 

3.3.3 Also constructed was a VEGF-C/pcDNAl construct to serve as a positive control 
for expression and secretion studies. The VEGF-G/pcDNAl construct contains the 
full length (419 codon) cDNA sequence of VEGF-C. 

Metabolic labelling: 

3.4.1 To address the differences in expression, proteolytic processing, and secretion - 
among cell lines, both 293T and COS cells were selected for the expression study. 
293T or C0S7 cells were transfected with either VEGF-2(HGS)/pcDNAl or 
VEGF-C/pcDNAl. "Mock" transfected cells (transfected with ^^empty" vector) 
were used as a negative control 

3.4.2 Forty-eight hours after transfecting the cells with one or the other plasmid, the 
cells were washed Kvice with phosphate -buffered salme solution (PBS) and 
metabolically labeled in MEM medium contaimng 100 mCi/ml -^^S-methionme and 
^^S-cysteine (Promix, Amersham) over night. The radioactive ammo acids (^^^S- 
methionine and ^^S-cysteme) were introduced into the cell growth medium to 
assist in the identification of expressed polypeptides in the extracellular medium 



and in cell lysates. The cells used would incorporate these radioactive amino acids 
into nascent polypeptides during protein biosynthesis. The cell growth media after 
this overnight growth period is referred to as ''conditioned media" because it has 
been conditioned by whatever polypeptides and other molecules the cells have 
secreted. After the overnight growth period, the conditioned media was harvested 
and cleared by centrifugation. 

3.4.3 In addition to collecting the extracellular media to assay secreted^proteins, the cells 
were lysed in order to assay proteins that were synthesized in the cells but not 
secreted. After washing for tliree times with ice cold PBS, the cells were lysed in 
' ice cold RJPA-buffer (150 mMNaCl, 1% NP-40, 0.5% DOC, 0.1% SDS, 50 miVI 
Tns) supplemented with 0.01 U/ml aprotmin, 1 mg/ml leupeptin and 1 niM PMSF, 
and the lysate was cleared by centrifugation. These latter ingredients were 
protease inhibitors, to prevent proteolytic degradation of proteins following the 
lysis step. 

Immunoprecipitation : 

Imxnunoprecipitation expenments were conducted to identify, the presence of the various 
VEGF-C or VEGF2 polypeptides in the conditioned media or cell lystates. . 

3-5.1 For immunoprecipitation, the conditioned media from cell cultures were 

supplemented with BSA and Tween 20 to final concentrations of 0.5% and 0.02%, 
respectively. The different VEGF-C or VEGF2 peptides were immunoprecipitated 
with polyclonal antibodies raised against a synthetic peptide corresponding to 
amino acid residues 104-120 of the VEGF-C prepro-peptide (Antisera 882, 
reported in Document D71, Joukov et a/.; 1997) at 4°C overnight. As an 
additional check for the presence of VEGF2 peptides, the conditioned medium and 
the lysates of the VEGF-2(HGS)/pcDNAl or mock trans fected COS? cells were 
also immunoprecipitated with l' mg/ml monoplonal anti-HA-antibodies (HA.l 1, 
BabCO). ' 

3.5 .2 The immunocomplexes were then precipitated with protein, A-Sepharose arid 

washed 2-3 times with I X bindmg buffer (0.5% BSA, 0.02% Tween20 m PBS) 



and once with PBS at 4°C- The proteins were analyzed by SDS-PAGE in a 12.5% 
gel under reducing conditions. 

3. Experimental Results 

The immunoprecipitated proteins were analyzed by SDS-PAGE on a 12.5% gel under 
reducing conditions. An autoradiogram of the SDS-PAGE analyses is attached hereto as 
Exhibit!. 

3.6-1 293T cells (A) or COST cells (B and C) were transfected with expression vectors 
coding for VEGF2 (le., VEGF-2(HGS)/pcDNAl) or VEGF-C (ie., VEGf- 
C/pcDNAl ). ' When 293T or C0S7 cells are transfected with the VEGF- 
2(HGS)/pcDNAl construct, no VEGF2 protein can be detected in the conditioned 
medium (Exhibit 1, panel A and B, lane 1). These lanes look very much like the 
"mock" transfected controls in lane 3. Several polypeptides expressed from the 
VEGF-C/pcDNAl construct were identified (Exhibit 1, panel A and B, lane 2). 
The dark band of approximately 30kDa corresponds to a processed form of 
- VEGF-C m which the C-tenminal propeptide has been cleaved off. The 

approximately 21kDa band represents the fully processed fomi of VEGF-C from 
which both N- and C-terminal propeptides have been removed. As previously 
reported, the processing of VEGF-C was less efficient in C0S7 cells (Exhibit U 
panel B, lane 2) than m 293T cells (Exhibit 1, panel A, lane 2) (See Document 
D71, Joukov a/., £A//50 38998-391 1(1997)). 

3.6.2 The conditioned media and the cell lysates of the C0S7 cells transfected with 

VEGF-2(HGS)/pcDNAl construct or empty vector ("mock'') were also subjected 
to immunoprecipitation with monoclonal anti-HA antibodies, but no VEGF2 
polypepUdes could be detected when the immunoprecipitates were analysed by 
SDS-PAGE (Exhibit 1, panel C). . 

4. Conclusions 

VEGF-2 as taught in the opposed appUeation cannot be produced as an expressed and 
secreted protein. This is evident from the mabiUty of VEGF2 as taught m the opposed 
appUcation to be immunoprecipitated from conditioned media of either COS cells or 293T 
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cells. Taking into consideration what is now kiiown about the gene corresponding to 
VEGF2, it is clear that one reason for this defect is that VEGF2 taught in the opposed 
application lacks a signal peptide, so it is not secreted. The experiments reported herein 
also rebut the inference by Dr Rapoport (ATRl at 15) that residues 70-419 of VEGF2 
provide sufficient information for expression, proper processing and secretion. 

3.8 We now know that when cells express the full length prepro-VEGF-C, they secrete the 
resultant protein, which is proteolytically processed. This observation was confinned by 
these experiments: as expected, VEGF-C protein products are readily detected m 
conditioned media from both 293T and C0S7 cell lines that were transfected with the full 
length VEGF-C construct. 

3.9 Even though VEGF2 as taught in the opposed appHcation lacks a signal peptide to direct 
Its secretion, we now know that VEGF2 is not really an intracellular protein, either. 

. Since VEGF2 is not a normal intracellular protein, it is likely rapidly degraded in cells, if 
the truncated protein is synthesized at all. Ineffective production and rapid degradation 
are two possible explanations why no VEGF2 peptides were detectable m cell lysates of 
cultured cells transfected with VEGF-2(HGS)/pcDNAl. 

3.10 The results of these experiments completely confirm and validate the experiments 
descnbed in my first declaration, namely, that the 350 amino acid VEGF2 taught by HGS 
in the opposed application cannot be expressed and secreted as described in the opposed 
application because it lacks a true signal peptide. 

3.11 ' The results of these experiments eliminate any criticism that the cell lines used for 

expression influenced the results. VEGF2 as taught in the opposed application cannot be 
expressed and secreted in either COS cells or 293T cells, whereas full length prepro- 
VEGF-C can be expressed and secreted in either cell type. 

3.1 2 The results of these expenments eliminate any cnticism that the antibody used for 

identification of polypeptides affected results, because an identical antisera was used for 
VEGF2 and VEGF-C. The polyclonal antisera raised against amino acids 104-120 of 
prepro-VEGF-C would have recognized either polypeptide (if it were present) because the 
recognition sequence for the antisera is present in both the VEGF-C and the VEGF2 



sequence. (The results with the anti-HA tag antibodyserve only to confirm that VEGF2 
as taught in the opposed application is defective for expression and secretion,) 

Sequencing the VEGF2 clone that HGS deposited with the ATCC 

The opposed apphcation was ongmally filed with a blank reference to a deposit with the 
American Type Culture Collection, which HGS eventually amended to specify ATCC 
Accession Number 75698, deposited 4 March 1994. (See page 5.) The application also 
states that the sequence of the polynucleotides contained in the deposited materials are 
controlling in the event of any conflict with the descripdon of the sequence in the ' 
application. (See page 9,) Many of HGS 's declarants have made representations 
concerning what the HGS application would allegedly have taught them, and the nature of 
the deposited clone is important for assessing the validity of their declarations, as I discuss 
below and as Drs. Rogers and Ballard also discuss. 

My laboratory obtained a sample of ATCC clone 75698 directly from the ATCC. I attach 
hereto as Exhibit 2 a copy of onginai paperwork from the ATCC that accompanied the 
clone that was shipped to me. My laboratory sequenced the clone using standard . 
laboratory tecliniques. - 

The VEGF2 sequence of ATCC clone 7569S begins as follows 



10 30 50 

ggcacgagcAGAGAJ^CAGCCCJ^^.CCTCAJKCTCAA.GGACAGAAGAGACTATAJ^ATTTGCr 
REQA NLNSRTEETI K F A 
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I have distinguished. the parts of the clone that do not correspond with VEGF2 sequence 
using lower case letters. (This sequence presumably corresponds to sequence from the 
cloning vector in which the VEGF2 cDNA was inserted when deposited with the ATCC). 
A comparison between the sequence of the deposit and the VEGF2 sequence in Figure 1 
of the opposed patent application shows that the deposited VEGF2 begins with nucleotide 
142 or 143 in Figure L The first VEGF2 amino acids encoded by the deposited VEGF2 
clone are REQANL . . . i.e., the clone begms with position 25 of the approxunately 350 
amino acid VEGF2 in the patent application. In other words, the HGS scientists 
deposited a cDNA that contained only the mature (as taught in the opposed application) 
VEGF2 of about 326 codons, as taught m the opposed apphcation. The HGS scientists 
■ failed to deposit a VEGF2 containing the. first approximately 24 codons, which they 
taught were the leader sequence of VEGF2. (And, compared to the true 419 amino acid 
VEGF2 taught in the HGS II apphcation, above 93 amino acids are missing from the 
deposit.) 

Reply to Su^an Power's Declaration 

5.1. Perhaps in response to my first, declaration in which I demonstrated that VEGF2 cannot be 
expressed and secreted as taught in the opposed application, HGS filed a declaration of 
Susan Power (ASPl) in which she describes some expression experiments of her own. 
Other HGS declarants speak approvingly of Dr. Power's experiments. (See, e.g., ASAl 
at 15 - 22.) This section of my declaration provides an analysis of Dr. Power's 
experimental work as it relates to the opposed apphcation. 

5.2 Dr. Power describes her instructions from HGS as follows: "The Patent Attorneys for 
Human Genome Sciences (HGS) requested that I perform the following experiments m 
order to determine whether the 350 ammo acid form of VEGF-2 (corresponding to 
residues 70 to 419 of the 419 amino acid form of VEGF'2) fused in frame with a 
heterologous signal sequence would result in the expression and secretion of the protein 
from eukaryotic cells." ASPl at 2. She was not instructed to repeat any particular 
teachings in the opposed application, or to use matenals or methods described in the 
application. 

5.3 The expenments that HGS asked Dr. Powers to perform may be an interesting scientific- 
cunosity, but they have nothing to do with the teachings in the opposed patent 



application. The opposed application teaches the reader that the VEGF2 of about 350 
amino acids already consists of a leader sequence (i.e., a signal sequence) representing the 
first approximately 24 amino acids, and a mature protein of 326 amino acids, (See, e.g., 
page 5 of opposed application; see also OKAl at 2 J - 3.3.) However, HGS apparently 
did not ask her to run such an experiment, or to report the results of such an experiment if 
she ran it.^ Scientists in 1994 or today would not have had any reason to express a 
protein that already contained a signal sequence using a method that involved attaching a 
second, heterologous signal sequence (e.g:, Dr. Power's Ig Kappa signal sequence) to the 
beginning of the natural signal sequence. Therefore, it is not clear to me what basis there 
is in the patent application for instructing Dr. Power to attach a heterologous signal 
sequence to 350 amino acid VEGF2. Dr. Power's experiments are not a replication of 
any example in the opposed applicadon or a reasonable extension of any of its teachings. 
Dr. Power was not asked to practice the teachings in the appUcation, but rather, to use her 
present knowledge to design expenments unrelated to the patent application, using 
matenals and methods that were available in 1994. 

5.4 Dr. Powers states that, for starting matenals, she used nucleotide sequences obtained 

directly from the ATCC and says that ATCC Deposit No. 75698 contains the nucleotide 
sequence encoding the 350 ammo acid form of VEGF2. See ASPl at 5. I find this 
statement very confusing because, as I indicated above, this ATCC clone does not encode 
350 amino acids. Perhaps HGS supphed Dr. Power with the 350 amino acid foim of . 
VEGF2, and mistakenly led her to believe that the clone was the same as the deposit. The 
fact that the ATCC clone does not even contain the first twenty-four amino acids further 
confirms that HGS considered those amino acids to be the signal peptide, and thought that 
those amino acids should be removed. The opposed apphcation did not teach to attach a 
foreign signal sequence to the 350 amino acid sequence. 

As I report, herein and in OKAl, I have run that experiment and shown that the 
teachings m the opposed application are wrong. 



-14- 



5.5 Dr, Power descnbes the antibody she uses as one ''which recognizes the precursor fomi 
and the processed form of VEGF2." ASPl at 3 and 13. This statement is confusing 
because it is unclear what "precursor ' and "processed" refer to. For example, we know 
from experiments in our laboratory that the 419 ammo acid prepro-VEGF-C (the 
precursor) is processed by removal of a signal peptide, removal of a large C-tenmnal 
BR3P domain representing almost half of the protein, and, to produce a fully processed 
VEGF-C, removal of still another N-terminal pro-peptide. See Document D7L Neither 
of HGS^s patent applications relating to VEGF2 teach such processing. The opposed 
application teaches that VEGF2 is a 350 amino acid precursor with a 326 amino acid 
mature protein. As we now know that is not correct. Dr. PowerTurther confuses this 
issue by adding an Ig Kappa signal peptide to the 350 amino acid VEGF2. 

5.6 Dr. Power summarizes the results of her expenments in paragraph 15. As I explain above, 
this should be ignored, because the experiments that she ran are unrelated to the teachings 
in the patent application. One additional observation regarding ,her results is that she 
makes specific mention of a doublet of approximately 30 kDa being present in the medium 
from the cells. It is worth noting that the opposed application makes no mention- of this 
species of polypeptide, or of a method of making it, or that one should expect to achieve 
it. 

Summary 

6. 1 The expenments that I report herein confimi my first set of expenments (reported m 
OKAl) and establish that VEGF2 as taught m the opposed application cannot be 
expressed and secreted. None of the declarations filed by HGS provide any expenmental 
evidence to refute this fact. To the extent that the HGS declarations offered any cnticisms 
of my first set of expenments (legitimate or otherwise), I have addressed them m my 
second set of experiments. To the extent that the HGS declarations (e.g., Dr. Power) 
offer any expenmental evidence, such evidence is irrelevant because it is not based on 
teachings in the opposed patent application. . . 



AND I MAKE this solemn declaration by virtue of the Statutory Declarations Act 1959, and 
subject to the penalties provided by that Act for the making of false statements in statutory 
declarations, conscientiously believing the statements contained in this declaration^ to be true in 
evei7 particular. 



DECLARED at Helsinio 



this 



V 



day of September 2001 




Kan Ahtalo 
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IN .THE MATTER OF Australian. 
Patent Application Senal No. 696764 by 
Human. Genome Sciences, Inc . 

and 



IN THE MATTER OF Opposition 
thereto by Ludwig Instituta for Cancer 
Research. 



STATUTORY DECLAR.\TION 

L Peter Adrian Walton. Rogers of the Department of Obstetncs and Gynaecology, Monash 
University, Clayton, Victoria, Australia do solemnly and sincerely declare as follows: 

INTRODUCTION 

1.1' I have been asked by the Ludwig Institute for Cancer Research (''Ludwig Institute'') 
to serve as a scientific expert in connection with Ludwig Institute's opposition to the 
. issuance of a patent to Human Genome Sciences, Inc., C'HGS") based on HGS's 
Austrahan Patent Application No. 696764. The patent application. relates generally to 
a gene and protein for an alleged novel vascular endothehal growth factor called ■ 
"Vascular Endothehal Growth Factor 2" ("VEGF2"), and thus pertains to an area of 
biology closely related to my research and expertise. I understand that Ludwig 
■ Institute is a named co-apphcant for a different patent application directed to subject 
matter that may be related to ''VEGF2," 

1 .2 hi Febaiary 2000 Fexecuted a tirst statutory declaration to provide evidence m . 
support of Ludwig Institute's opposition, hereinafter referred to as "OPRl" 
(Opponents, Peter Rogers, 1^^ Declaration). That first declaration included a brief 
summary of my scientific credentials and an introdifction in which I set forth some 
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conventionaJ terminology that I used throughout the declaration. I shall contmae to 
use such terminology herein. 

1 .3 I hereby reaffmn my understanding that I have an oveiriding duty to the Patent Office 
(and to any Australian Federal Court that should review the Patent Office decision) to 
provide objective scientific analysis that I believe to be truthful. I herebv affirm that, 
to the best of my hiowledge and behef, factual statements herein are taie and. opinion 
statements herein represent my objective scientific opmion and analysis. 

. 1.4 iMy original declaradon included evidence relevant to whether the opposed 

application lacked novelty (OPRl at 2.1-2.8); lacked inventive step (OPRl at 3.1- 
3.8); lacked sufficiency (OPRl at 4.1-4. 14); lacked fair basis (OPRl at5. 1-5.12); 
lacked clanty (OPRl at 6.1-6. 11); and was not a manner of manufacture (OPRl at 
7.1-7.6). In response, the patent^applicant HQS filed declarations from six sciendsts, 
John Stanley -Mattick (hereinafter "AJjVI l "(Apphcants, John Jvlattick, 
Declaration)), Jennifer Ruth Gamble ("AJGI"), Nicholas Kim Hayward ("ANHl"), 
Thomas Rapoport ("ATRl"), Stnart Aaronsson C'xAS A 1"), and Susan Power ■ 
("ASPl"). In this declaration L respond to issues raised by the HGS declarants. 

1.5 ' For. the most part, the six HGS declarations are not organized by grounds of 

opposition, and it is not always possible to determine the issues to which the HGS 
declarants are responding. The HGS declarations also are repetitive of each other. I 
have tned to determine the issues to which HGS's evidence pertains, and reply to 
those issues in a topical fashion, rather than addressing each. declaration senally. I 
have attempted to organize many of my comments in the same, manner as my ongmal 
OPRl declaration, v/here U appears that HGS's evidence is addressing particular 
patent issues (e.g., novelty-inventive step or lack of fair basis/insufficiency). I have 
also addressed panicular issues raised by individual declarants. Failure to address any 
specitlc issues should not be interpreted as agreement with any HGS declarant. 



1 .6 Unless I specifically state othewise below^ I affirm'the facts and opinions expressed 
m my pnor declaration. Nothing in HGS's evidence-in-answsr causes me to change 
the opinions embodied in my first declaration. 

PRELIMINARY REMARKS REGARDING QU.ALITY OF HGS EVIDENCE 

2 A I would first like to make the following prehminar/ observafions about the HGS 
evidence-in-answer which are relevant to most or all patentabiUty issues. 

A. THE HGS DECL.AR.ATIONS .APPLY A SCIEiNTIFIC ^^DOUBLE 
STAT^DARD^' 

2.2 I have reviewed all of the declarations filed by HGS and'- observe that the declarants 
■ that reviewed Professor Alitalo's declaration (filed as part of Ludwig Institute's 

evidence-in-opposition) seem to believe that no conclusions can be drawn from a 
scienfific experiment unless the experiment contains absolutely perfect, parallel 
posiUve and negative controls. (See AJGl at7.43 and 7-52; ANHl at 5.6-5.13; ASAl ' 
at 11, 13, 14, and 18] The Alitalo declaration provided direct evidence that VEGF2 
cannot be expressed and secreted in the manner taught by HGS in the opposed 
application, but the HGS declarants suggest that such expenments are flawed and 
cannot forai the basis for any valid conclusions. 

2.3 . The HGS declai*ants also are very restricfive of the conclusions that they are willing to 

draw based upon prior art. For example, when discussing the prior art, Dr. Mattick 
does not beheve that any conclusions can be drawn about whether antibodies raised 
against a pnor art VEGF pob/peptide will cross react with identical sequences that 
occur in VEGF2 on a theoretical level - he would need actual experimental data. 
(AJTvIl 4.33) This is Dr. Mattick's position even though he asserts' a few pages later 
(when commenung on sufficiency of disclosure), that ''computer programs were 
readily available in 1994 to generate" inform-ation about "all of the anfigemc sites on 
the VEGF -2 molecule." (AJTVIl 4.83). His opinions on these antibody issues are 
inconsistent. 
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2.4 ' In stark contrast, the declarants that HGS asked to evaluate the quality of the 

teachings of the opposed appUcation have taken a very lenient approach. These 
declarants appear to have accepted that VEGF2 can be expressed in the manner 
suggested in the opposed apphcadon/ even though there is not a single experimental 
example in the opposed application in which the inventors report successful 
expression of VEGF2 m a cell. (See OPRl at 3.4.2, 3.5, 4.6.2.2, and 7.6) The HGS 
declarants. have also accepted that VEGF2 has certain biological activities, even 
though the opposed applicadon contains no evidence whatsoever of biological 
activity, and the declarants do not appear to have performed any biological activity 
testing of their own. (OPRl at 2.3.2, 2.7.4, 3.4.2, 4.6, 4.6.1-4.6.5, 4.8, 5.4, 5.5, and 
5.9) These declarants have also accepted that VEGF2 can be used to diagnose or treat 
a wide variety of diseases, even though the opposed apphcation contains no evidence . 
whatsoever that VEGF2 can be used for such purposes. (OPRl at 2.3.3-2.3.4, 3.7.1, 
- 4.6,3, and 6.8.1-6.8.4.) 

2.5 In my opinion, these two extreme approaches are irreconcilable. The experiments ■, 
performed by Dr. Alitalo and descnbed in his first declaration, are more relevant to the 
adequacy of the teachings m the opposed application than the experiments (or lack 
thereof) described in the application itself, or the experiments by Dr. Pov/*er 
(discussed below in greater detail), which are not based on the teachings in the 
opposed apphcation. (.^d, had HGS raised any legitimate criticisms of Dr. Alitalo's 
first declaration, the criticisms have been fully addressed by the expenments Dr. 



See, e.g., AJMl at 4.19-4.23 (Mattick cataloging uses for VEGF2 alleged in 
. the opposed apphcation) and"4.24 (Mattick concluding that these unsupported uses 
"constitutes the basic information that I would have required in- 1994 to use VEGF-2 in a 
wide range of biological activities.") [See AJMl at 3.31, 3.33, 4.3-4.13, 4.77-4.78; MGl at 
' 6.5, 6.8, 6.1 1, 7.24, 7.46, 7.48; ANHl at 3.15, 3.19o.23, 3.26, 4.20; ATRl at 9-12; ASAl at 
6 and 17]. 



Alitalo descnbes in his second declaration.)' When all of the scientific evidence in the 
opposition proceeding is viewed objectively, one finds direcf evidence (from Dr. 
x\litalo, tv/-o sets of expenments) that the VEGF2 invention does not work as it was 
descnbed in the opposed application, because it is incomplete. Neither the opposed 
application nor the HGS declaration present any evidence to suggest that VEGF2 as 
descnbed m the patent application works. The choice of the HGS declarants to 
discount the scientiric evidence and accept the teachings m the patent application 
about VEGF2 is not based on any scientific- pnnciples. 

2.6 Dr. Gamble's declaration provides another excellent example. There is dii^ect 

experimental evidence underlying Dr. Alitalo 's declaration that VEGF2 taught in the 
application cannot be expressed and secreted. Yet n6^/vithstanding that evidence, Dr ' 
. Gamble says, 'Tn my opinion Di;. Ahtalo's conclusions represent pure speculation and 
■ cannot reasonably be drawn from the results presented in his statutory declaration 
/' Yet, Dr. Gamble apparently approves of the opposed apphcation and its teachings, 
•even though none of the teachings relating to VEGF2 or its expression or activity are 
based on reported experimental evidence. I note that when Dr. Gamble critically 
evaluates the scientific ^merit of a patent application, her standard is that ''whether a ■ 
patent specification gives examples of biological activity would seem to me to be 
largely iirelevant/' (AJGl 7.18) In my opinion, her standards for scientific 
evaluation of declaration documents and patent documents are simply irreconcilable. 
There are other examples as well: - ^ 



~ . Dr. Alitaio's fust declaration, demonstrated that VEGF2 cannot be expressed and secreted as taught in 

the opposed application. The HGS declarants argued diai these' results were not reHable because the 
experiments lacked appropriate controls, for example, but did not present any of theu own expenments to show 
successful expression and secretion. As reponed in his second declararion, Dr. Alitalo re-ran his e.xpenments 
using the controls suggested by HGS and addressing other concerns raised by them, and showed a^am that 
VEGF2 cannot be expressed and secreted as taughr m the opposed application. In my opmion, his second 
declaration further validates his tlrst declaration and addresses the cnhcism raised by HGS. Dr. Ahtalo's 
expenments are really the only evidence on this important subject m- this opposition proceeding, because the 
opposed application contains no evidence of successful expression and secredon of V1EGF2 by cells, and HGS 
provided no such evidence in any of its declaranons. (Dr. Pov/er .says she e.xpressed and secreted, a protein, but 
uhe expression experiment that she described is not based on what HGS taught m its apphcation.) 
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2.5.1 Dr. Gamble ''would expect that VEGF2 could be expressed and secreted and' would 
be biologically active (AJGl at 6.5), even though the application contains no evidence that it 
can be expressed or secreted. She seems to expect thait such expression vvould be routine in 
viruially any type of cell, even though the application failed to show expression in any cell 
f^./pes. (AJGl 6.6,) hi my opinion, this assertion is simply pure speculation . 

2.6.2 Dr.. Gamble's opmion is that the mere identification of a DNA sequence and 
the inherent information it provides,. combined with the teachings in the patent 
specification, ''makes possible the manifest therapeutic benefits, which VEGF- 
2 has to offer, and vvliich will be obtained in the future.'' (AJGl at 6.6) She 
holds these opinions even though the apphcation has no expenm.ental 
evidence of VEGF2 biological activity, and certainly no evidence that VEGF2 
is therapeutic for any disease. In my opinion, in light of the objective 
scientific evidence, her expressed opinion is pure speculation. 

2.6.3 Dr. Gamble finds that the application. provides "information concerning gene 
therapy to provide therapeutic and prophylactic effects against a wide range of 
different disease states", (AJGl at 6.8.10) However, the apphcation provides 
no evidence of gene therapy. Additionally, in all of medicine, there are not 
currently ''a wide range of different disease states" that are treated with gene 

■ therapy (using any known gene). Again, in my opinion, in light of the 
objective scientific evidence, her expressed opinion is pure speculation. 

2.6.4 Dr. Gamble' finds that the application indicates that VEGF-2 could be isolated 
from a human cell hbrary from a human embr/o,' from osteoclastomas, from 
adult heart, or from adult breast cancer, cell Ihies (-AJGl 6.8.3), even though 
the application fails to demonstrate isolation of VEGF2 protein from any 
source whatsoever. In my opinion, in light of the objective evidence, her 
expressed opinion is pure speculadon. 

2,7 . While these are only a few of the examples I could give, I behevemy point is clear. 
Applying a umfoim and scientitlcally objective standard,. it would make no sense to 
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disbelieve a carefully planned and executed expeninent by Dr Alitalo, the scientist ' 
who IS perhaps more familiar with VEGF-C and the VEGF2/VEGF-C gene than any 
other scientist, if journal pubhcations are any indication, but instead to beheve a 
patent application that speculates widely but has no underlying experimental support. 

B. ^nS-QUOTES AND CROPPED QUOTES 

'2.8 The HGS declarants frequently say that they are quoting from or paraphrasing 

statements from my first declaration, and then responding to them. Occasionally, the 
quotes are , incomplete, or out of context, and fail to capture my full thoughts and 
opinions on subjects. Sometimes, the parapiirases are simply inaccurate. La some 
cases, HGS declarants say that are responding to my declaration, when they are not. 
It is important to read my declaration in context to determine whether the HGS 
declarants have really responded to what I have said, and not rely on their 
representations. 

C FAILURE TO ANALYZE FROM THE STANDPOINT OF SCIENTISTS 
HAVING COMMpN GENEFL^L KNOWLEDGE IJS THE FIELD. 

2.9 It is my understanding of Australian patent law that most patentability issues are 
analyzed from the viewpoint of an individual possessed of the common general 

, knowledge in the field of the invention, in Australia, at the time that the patent 
apphcation was filed. However, this is not always the approach taken by at least some 
of HGS's declarants, 

2.10 For example, Dr. Mattick explicitly states that his instructions from HGS were 'To 
review the patent specitication and to describe what it would have conveyed to me 
had I read it in March 1994/' (AJMl at 2.3.1 (emphasis added).) Dr. Mattick was 

. also instructed 'To base all comments presented herein on my knowledge as at 8 
March 1994, unless 1 specifically state otherwise," (AJMl at 2.3.3 (emphasis 
added).) A vast part of Dr. Mattick's declaration exphcitly sets forth this personal 
pomt of view, i.e., conclusions rhai Dr. Matuck personally believes that he would 
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have drawn or results that he believes he could have personally achieved. (AJMl at, 
e.g., 3.33,4.13, 4.73, and 4.77.) To the extent Dr. Mattick's (or other declarants') 
prominence and experience and positions gave hina knowledge greater than the 
common general knowledge in Australia in 1994, many of the personal opinions 
expressed m his declaration may not be relevant to patentability issues. 

D. FAILURE TO CONSIDER ALL RELEVAiNT EVIDENCE 

2.11 It is not clear from the evidence submitted whether all of HGS's experts considered 
all of the relevant evidence in reaching their opinions expressed in their declarations. 

2.12 "For example, Ludwig histitute's evidence m opposition included a declaration from 
Professor Ahtalo setting forth evidence that VEGF2 as taught in the HGS application 
is incomplete and is not expressed and secreted as a growth factor by cells. In my 
opinion an expert providing an opinion as to the sufficiency and fair basis of the HGS 
apphcation should have considered evidence about whether the invention works as 
HGS alleged that it would. It is not clear that Dr. Mattick, Dr. Power, or Dr: Rapoport 
gave due consideration to the Alitalo declaration. 

E. IS VEGF2 THESAME AS VEGF-C? 

2.13 Dr. Mattick explains that ''HGS* Patent Attorneys have informed me that VEGF-2 and 
VEGF-C are the same molecule." (AJMl at 3.3.) Dr. Gamble says "Today, VEGF-2 
is identified by the nomenclature VEGF-C. When I read VEGF-2 in the patent 
specificafion I understand it to mean VEGF-C" (AJGl at 3.1.) Dr. Rapoport says, "It 
IS my understanding that VEGF-2 and VEGF-C are terms used to refer to the same 
molecule." (ATRl'-at 13.) Dr. Rapoport uses the two terms interchangeably. (ATRl . 

. at 13.) Tins posifion requires clarification. 

2.14 As I stated in my earher declaration, it is probably true that VEGF2 and VEGF-C 
were derived jyom the same human gene. (See OPRl at i.5,1.) However, these are 
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names driven by two different research groups to the results of their own research, 
which differed substantially. The advice from HGS's attorneys or the assumption that 
- . . these terms can be used interchangeably glosses over substantial differences between 
the secreted ojowrh factor ''VEGF-C" described ih patent and scientific literature by 
Alitalo et al.,^ and the incomplete ^'VEGF2" sequence taught m the opposed 
applieation, that is apparently never secreted'^ and has never been reported in the 
scientific hterature to have significant biological activity. (I repeat by reference my 
.discussion of the inadequacy of the description of VEGF2 in OPRl at, e.g., 1,5.1- 
1 5.2, 4.4-4.7. and 4.1 1-4.11.2.) To the extent that Dr. Mattick or Dr. Gamble or Dr. 
Rapopoit believed that any of the scientific literature that has been published relating 
to VEGF-C is relevant to patentability issues for the mco?nplete VEGF2 taught in the 
opposed apphcation, they have based their declarations on incorrect assumptions. 
' The expenments descnbed in Professor Alitalo's two declarations (hereinafter OKAl 
and 0¥J\2) demonstrate that the incomplete. VEGF2 taught in the opposed 
application cannot be expressed and secreted. 

2.15 Dr. Hayward cleariy mtermmgles his knowledge of VEGF-C with the teachings in the 
opposed application relating to VEGF2. For example, Dr. Hayward declared, "I am 
aware that VEGF'2 is proteoKlically processed upon secretion from cells in vivo to 
. form the naturally occumng ligand for the Flt-4 and the KDR/Flk-l receptors. I , 
would expect a fusion of the 350 amino acid sequence of VEGF-2 to a signal 
sequence to be proteolytically processed to produce functional VEGF-2/' In reaUty, 
scientists such as the group led by Alitalo et al. have demonstrated that a heavily 
processed form of VEGF-C (lacking about 102 ammo acids firom the beginning (N- 
termmus) and about 190 ammo acids from the end (C-termmus)) binds and stimulates 
the Flt4 and KDRyElk-1 receptors. (See, e.g., Documents D70-D74.). The opposed 
application does not teach that VEGF2 is a Ugand for any receptor, and does not teach 



3 , See, e.g., OPRl at L5. 3-1 .5.4 and Documents D71-D74, 

. ^ See Ahtalo Declaration filed by Ludwig Institute as pan of evidence in 
opposition. 
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that VEGF2 is processed m a maimer similar to VEGF-C, and does not teach to fuse 
the 350 ammo acids of VEGF2 with an extra foreign signal sequence. Instead, the 
application teaches that fiill length VEGF2 is 350 ammo acids which includes a signal 
sequence of about 24 ammo acids and mature VEGF2 of about 326 amino acids. By 
contrast, Dr. Alitalo's declarations estabhsh that VEGF2 as taught m the opposed 
application is not expressed and secreted at all When HGS determined that VEGF2 
m the opposed application was incomplete, and tiled a second patent application 
(Document D43) on the 419 ammo acid VEGF2 more than a year later, HGS still 
failed to teach that VEGF2 was a ligand for Flt4 or any other receptor, .and failed to 
teach the VEGF-C processing that was elucidated by Professor Alitalo's group. Thus, 
Dr. Hayward's ''awareness" of VEGF2 processing relates to Dr. Ahtalo's VEGF-C, 
andnotHGS's VEGF2. , 

2.16" Dr. Rapoport devotes a significant part of his declaration to discussing biologically 

active VEGF-C molecules invented by x\litalo and Joukov. (See, e.g., ATRl at 13- ■ 
15.) It is important to remember that Alitalo and Joukov taught VEGF-C "biological 
activity'' (e.g., binding to Flt4 receptor and stimulation of lymphatic endothelia) that 
were not suggested by (and owe nothing to) the opposed application. The suggestion 
that the Alitalo work confirms teachings in the opposed application is entirely 
misleading. (See/e.g., ATRl at 16.) 

LACK OF NO\TLTY AND LWENTIVE STEP 
OF CLAIMS OF THE OPPOSED APPLICATION 

3.0 In Section 2 of the OPRl declaration, I explained that at least claims 1-4, 13-28, and 
34-61 in the opposed application were broad enough to encompass materials and 
methods that had been taught m the prior art literature that predated HGS's earhest 
alleged prionty date of 08 March 1994, The prior art upon which I drew these 
conclusions didmot teach the exact VEGF2 DNA or deduced amino acid sequences in 
the figures or sequence listing of the opposed application, but the claims at issue are 
not limited to exact, full length VEGF2 sequences. 
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In this section I explain that the HGS declarants consistently fail to identify any 
explicit claim language that excludes the poor art that I identified m my first 
declaration. I address the particulars of the HGS declarations below, but I maintain 
my ongmal opinion, expressed in OPRl, that most or all of the claims encompass the 
prior works of others. 

The'HGS declarants' pnncipal response to the references cited in my first declaration 
that demonstrate that the application' lacked novelty composes generalized, statements 
that a practitioner in the appropriate field of research would be able to distinguish . 
VEGF2. fragments, analogs, derivatives, vanants, and other genera of molecules 
claimed in the opposed application from prior art polynucleotides and. polypeptides 
[e.g., VEGF, PDGFa, PDGFb, PIGF, and fragments, analogs, and denvatives thereof 
disclosed or suggested in the pripr art.)- A consistent shortcoming of these 
declarations is the failure to point to any language in the claims that defines VEGF2 
molecules in a way that excludes pnor art molecules. 

"Fragment, Analogue, or Derivative" Language Fails to E.xclude the Prior Art 
from the Claims. 

Several claims in the opposed application are not hmited to the exact VEGF2 
sequences because they are directed to a "fragment, analogue or derivative" of a 
VEGF2 polypeptide {e.g., claim 28) or to a polymicleotide encoding a "fragmient, 
analogue or derivative" of a VEGF2 polypeptide {e.g., clams 1-4, 21). According to 
■the specitlcation, fragments, derivatives, or analogues may be VEGF2 polypeptides 
modified such that one or more of the amino acid residues of VEGF2 are substituted 
with conserved or non-conserved ammo acid residues, and^or ones in which 
additional amino acids are frised to tiie mature polypeptide. (See, e.g., opposed 
application at pp. 9-10') Also, polypeptides resulting from deletion of amino acids 
would still fall v/ithm the commonly accepted definition of "fragment, analogue, or 
denvative " (See also opposed application at page 7, discussing 'deletion variants, 
substitution vanants, and addition or-mseition variants.'') . 
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3.4 In OPRl I explained that the pnor art taught DNA sequences and poiypeptides, such 
as VEGF, PlGF,.PDGF-a, and PDGF-b, that differed from the exact VEGF2 DNA 
and amino acid sequences taught in the opposed application, but still fell withm the 
opposed applicadon's defmidon of "fragment, analog, or derivati.ve." (See OPRl at 
2,2-2.2.2/2.3, 2.7.1, 2,7.9, and 2.7.20.) Much of the opponent's evidence in answer is 
directed to a philosophical discussion of whether these prior art polypeptides, which 

■ although they satisfy the Hteral definition of VEGF2 ''fragment, analogue, or . 
derivative", should nonetheless be considered to fall outside the scope of the . claims. , 

3.5 The opposed apphcation says that ''it is particularly important that all eight cysteines are 
conser\-'ed within all four members of the family....." These eight cysteines are the only 
VEGF2 amino acids that the opposed application seems to say should remain unchanged 
v/hen designing fragments, analogs, ^or derivatives. However, the application itself admits 
that the eight cysteines are a feature that VEGF2 already has in comimon with prior art 
family members VEGF, PDGFa, andPDGFb. Thus, the opposed application places no 
restrictions when designing fragments, analogues, and denvatives that would prevent one 
from arriving at these prior art polypeptides. In other words, all of these prior art 
molecules (which already contained the eigiit cysteines) could fairly be classified as 
VEGF2 fragments, analogues, or derivatives as those terms are used in the opposed 
apphcation. (See, e.g., OPRl at 2.2 - 2.2.2.) The. claims do 'not restrict the number of 
moditlcations to the VEGF2 sequence that a. VEGF2 fragment, analogue, or derivative 
can contain, so in effect, VEGF2 could be modified until it matched VEGF, PIGF, or ' 

. PDGF. 

3.6 ■ None of the HGS declarants actually contest my analysis that claims fail to recite 

restrictions on ''fragment, analogue, or derivative" that would serve to exclude the 
prior art polynucleotides- and polypeptides such as VEGF, PDGFa, PDGFb, and PIGF. 
Id. fact, Dr. Mattick basically admits that the claims set forth no maximum number of 
changes that can be made to a protein that is to be classified as a VEGF2 frragment, 
analog, or denvative; he simply would not require that as part of the patent laws. (See 
AJMl 4.37.) 



Instead of finding claim limitations that exclude the pnorart, the HGS declarants 
have proposed a subjective 'looks more hke" standard for imerpreting the claims that 
they say would exclude VEGF and the PDGFs from the claims: 

3. 7.1 For example, Dr. Mattick said; ''I would not require the patent specification to 
set a maximum limit of modifications that can be made to a protein before I 
could reasonably ascertain whether a protein was a fragment, analogue,, and/or 
derivative of VEGF-2. ... As soon as a protein starts to look more like 
VEGF, PDGFa, PDGFb, or PIGF, it would not, in my opinion, be a fragment, 
analogue ancL'or derivative of VEGF-2. Thus, I would not regard any of 
VEGF, PIGF, PDGFa or PDGFb to be VEGF-2 fragments, analogues and/or 
derivatives/' (AJMl 4.37; see also AJTVIl 4.26.) 

■3'.7.2 Similarly, Dr. Gamble said: "For something to be a fragment, derivative or 

analogue of a molecule it must not only share a biological flmction or activity ' 
with VEGF-2 but it must also have- homology at the primary amino acid level; 
Thus, a peptide or polypeptide that more closely resembles VEGF, PDGFa, 
PDGFb or PIGF, than VEGF-2 at the primary amino acid level vyould not be a 
VEGF-2 fragment, derivative or analogue. Such an interpretation is .inherent 
in- the meaning of these temis and is consistent with the generafmanner in ■ 
which others and I use these terms in everyday scientific language." (AJGl at 
7.12. See also. \JG1 7.25 - 7.27) . 

3.7.3 Similarly, Dr. Hayward declared that there is not sufficient sequence identity 
between VEGF2 and PDGF, VEGF, or PIGF for these m.olecules to be 
considered denvatives of VEGF2. (See, e.g., .\NH1 at 3.8, 4.2.) Dr. Hayward 
fails to explain what minimum sequence identity is required, and, of course, 
the claims do not set a minimum sequence identity. 



This "looks more like'' approach is unworkable. It is highly subjective,, vague, has no 
basis in the opposed appUcation, and would cause the scope of the claims to change 
over time. 

First, the approach that HGS is advocating is. contrary to the understanding of patent 
law given to me by Ludwig Lastitnte's attorneys. It is my understanding that the 
words, of the claim are supposed to define its scope, not subjective "looks like" 
cntena. The reader is supposed to be able to determine whether or not something 
falls within a claim by cntena that are reasonably clear. 

In fact, the application discloses no clear standards for deciding whether a theoretical 
analog "looks more like" VEGF or VEGF2, and there are no universal standards in 
the field of the invention, either. In the context of proteins, the "looks like" criteria 
could be based on percent amino acid similarity, or on three-dimensional shape, or on 
size, or more subtle cntena, such as whether amino acids that are believed to be 
essential for activity are more like those found in VEGF or VEGF2: 

3.10-1 To give one hypothetical example, the VEGF2 polypeptide has an 

approximately 1 90 .amino acid stretch that shares homology with a silk 
protein, (See OPRl at 4.11.1.3 and Document D71, Joukov et al., EMBO J 
16:3898-391 1(1997)) Removal of most or all of this large portion of VEGF2 
would give the resultant VEGF2 fragment a size much more similar to the size 
of VEGF. Further, the folded shape of the truncated VEGF2, missing this 
silk-like domain, might be expected to look .much more like the three- 
dimensional shape of VEGF pol>petides having a similar size. But this 
fragment has' 100% amino acid identity with a portion of VEGF2 and much 
lov/'er amino acid identity with VEGF. Under Dr. Mattick's "looks like" 
cnteria, its not clear whether or not we have a molecule within HGS's claims, 
because it is unclear whether size, or shape, or % identity, or other properties 
are the most important cntena. 
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'3.10.2 To give another example, mature VEGF-C has an ammo acid sequence nearly 
identical to a poition of VEGF2, if the approximately 190 BR3P-like ammo 
acids are removed from the C-terminus, and still more ammo acids are 
removed from the N-termmus of VEGF2. This molecule will bind one of the 
two VEGF receptors.(VEGFR-2), whereas VEGF2 will not. (See OPRl at 
4.1T.L3 and Joukovetal.,EMBO J 16:3898-391 1(1997)) It is unclear under 
the "looks like" criiena whether one should classify " VEGF-C as a VEGF2 . 
analog (because of ammo acid sequence identity) or a VEGF analog (because 
of receptor binding properties). Receptor binding properties would be one of 
the most important practical criteria for scientists who wished to develop - 
therapeutic apphcations for a putative growth factor, which clearly seems to be 
a goal of the opposed apphcation. (It is generally tlirough cellular receptors 
that growth factors exert their effects m the body.) 

3.11 The -opposed apphcation itself says nothing whatsoever about the "looks more like" 

standard for delimiting the boundanes of "fragment, analogue, or denvative/' In fact,, 
the opposed apphcation fails to mention any standard. . ■ 

3T2 Another troubling aspect of HGS's approach is that the scope of the claims wiU 
change with time, as new genes are discovered, because the scope of ''fragment, 
analog, or derivative" would continue to change as- more genes are discovered. This 
problem is best illustrated with two real-world examples. 

3.12.1 If we placed ourselves back m time to March, 1994, and were given the 

sequence of VEGF2 and asked to characterize it, the proper answer, according 
to the "looks more like" standard, would have been to call it a "VEGF 
fragment, analog, or denvative." The reason for tliis conclusion at that time 
would have been that the VEGF2 sequence more closely resembled VEGF . 
(30% amino acid identity) than any other known protein at the primary ammo 
acid level. (See Figure 3 of the opposed application.) VEGF2 "looked' more 
like" VEGF than other known molecules. Using, the logic of Dr. Mattick and 
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Dr. Gamble, the VbGF2 sequence would have been a mere analogue or 
derivative of VEGF. 

3.12.2 Some time after 1994, the VEGF-D gene and pro tern were discovered by 
Achen et ai. (See OPRl at 4.12.1; and Document D67.) VEGF-D has greater 
amino acid percent identity to VEGF2 than it has to VEGF. Under the HGS 
"'looks more like" cntena, VEGF-D might be considered to fall witlun the 
HGS claims (because it is more similar to VEGF2 than VEGF), On the other 
hand, VEGF-D is a separate human protein in its own right, encoded by its 
own gene, that owes nothing to the discovery of VEGF2. (See OPRl at 

■ 4.12,1.) It would make no more sense to call VEGF-D an analog or denvative 
of VEGF2 than it would have made to call VEGF2 a mere analog or derivative 

■ of VEGF, when VEGF2 v^^as discovered (due to shared ammo acid motifs and 
allegedly shared biologic.al activities). 

3.12.3 The logicalextension of saying that a newly discovered protein (such as 
VEGF-D) is not a fragment, analog, or derivative of a previously discovered 
one (such as VEGF2) is that the scope of HGS's patent claims to VEGF2 
fragments, analogs, and derivatives becomes narrower each time a new gene 
family member, such as VEGF-D, is discovered. In other words, before the 
discovery of VEGF2, all of the analogs that looked more like VEGF than 
PDGF would have been called VEGF analogs. Then, when VEGF2 v/as 
discovered, some of those ''VEGF analogs" would have needed to be re- . 
classified as ''VEGF2 analogs" because they looked more like VEGF2 than 
VEGF. hi fact, all of the VEGF analogs that looked more like VEGF2 than 
VEGF or the PDGFs would have been reclassified as VEGF2 analogs. But 
then, when VEGF-D v/as discovered, some of those analogs would more 
properly be classified as VEGF-D analogs, because they were more similar to 
newly discovered VEGF-D than to. VEGF, VEGF2, or the PDGFs. 

3. 12.4 My purpose with this exercise is to show that if you try to apply a ''looks more 
like"' standard for LUterpreting the claims directed to fragments, analogues, and 
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denvatives, then the breadth of the claim gets narrovyer even/' time someone 
discovers a new member of the VEGF family. The idea that the scope of 
patent claims changes each time a new VEGF family member is discovered is 
contrary to my understanding of the clanty requirement of the patent' laws. It 
would cause confusion and uncertainty for scientists trying to interpret the 
claims. 

3.12.5 To summanze, the jiteral scope of ""fragment, analogue/or denvative'' claims 
\ embraces VEGF, PDGFa, and PDGFb . all of which were known in the field 

and descnbed in the literature before the prionty date of the opposed 
apphcation. The subjective "looks more like" standard proposed by HGS to 
avoid this confusion has no support in the apphcation or the claims. It is ^ 
. unworkably vague and causes the scope of the claims to' change over time. • 

B. VEGF2 "Activity" Language Fails to Exclude the Prior Art from the Claims. 

3.13 A number of the claims of the opposed apphcation use an activity limitation to ' 
attempt to define which polynucleotides and polypeptides fall withm a claim' and 
which ones do not. I explained in my first declaration that the list of activities 
ascnbed to VEFG2 by the opposed apphcation are merely activities that have been 
ascnbed to. VEGF, PDGF, and/or PIGF prior art polypeptides. (See, e.g., OPRl at 
2.3-2.3.5.) For this reason, claim limitations directed to ''VEGF2 activity" fail to 
exclude the aforementioned prior art. polypeptides,' because the only teachings m the 
opposed application relating to VEGF2 activity are predictions that VEGF2 will share 
activities that other scientists had identified in the aforementioned prior ait 
polypeptides. (See OPRl at 2.3-2.3.5, 2.7.4, 2,7.9, and 4.6-4.8.) ■ 

3.14 None of HGS 's declarants contest the fact that claims which recite "VEGF2 activity" 
.fail to recite an activity, that is unique to VEGF2 and that would serve to exclude pnor 
art polypeptides such as VEGF, PDGFa, PDGFb, and PIGF. 
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Dr. Gamble and others ask the Patent Office to accept that VEGF-2 biological activity 
means ''angiogenic activity" and optionally others. (See, e.g., AJGl 7,9-7.1 1; 7..15- 
7.18; and 5..1 4-5. 22. See A>-[H1 at 3.6) There are several problems with their - 
analysis, including the following: 

3.15.1 First, even if we accept her selected definition, angiogenic activity fails. to 
exclude prior art vascular endotheUal growth factor (VEGF) polypeptides 
from the claims, because VEGF polypeptides are angiogenic, as admitted in 
the opposed application (background) and in Dr. Gamble's own papers. (See, 
e.g., Cockenll, Gamble, and Vadas, Annexure GBC-9 in the HGS evidence in 
reply, at page 136.) In fact, if angiogenic a'cdvity is sufficient for VEGF2 
activity, then according to Dr. Gamble's publications, PDGF polypeptides are 
■ embraced as well. (See Litwin, Gamble, and Vadas, Annexure GBC-1 0 of the 
HGS evidence, at page 105 (PDGF ''has roles in wound healing and 
angiogenesis").) ,\ 

3.15.2- Second, the claims are not restricted to angiogenic activity, and the application 
teaches that VEGF2 has numerous activities other than angiogenic activities. 
(See OPRl at 2,3.3-2.3.5.) 

3.15 J Third, there is simply no evidence that VEGF2 as taught in the patent 

apphcation has angiogenic activity (or any of the other activities alleged). 

As a related matter, Dr. Gamble declared that an endothehal growth assay could 
distinguish VEGF2 polypeptides, fragments, analogues, and variants from PDGF 
polypeptides, analogues, and variants: ' ■ 

''As an additional point of distinction berveen VEGF-2 and PDGFa, or 
PDGFb is that PDGFa and PDGFb do not promote the gi'ov/th of endothelial 
cells. Thus had I wanted to distinguish a VEGF-2 fragment, analogue or 
derivative from any one of these proteins, I could have easily performed one 
or more assays, such as those identified m paragraph 5.15, above. Such assays 
could be perfomied to show, that the analogue, fragment or denvative 
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contained an endothelial cell proliferative activity,, while the comparator 
■molecule (such as PDGFa and PDGFh) did not contam such an activity. Such 
a result would clearly have distinguished a VEGF-2 analogue, fragment or 
denvative from PDGFa, or PDGFb." (AJGl at 7.1 1) 

3.17 Dr Gamble's proposition is not con'ect. First, it is important to re -emphasize that the 
opposed apphcation teaches that VEGF2 shares biological activities of PDGFa and 
PDGFb. (See OPRl at 2.3.3-2.3.5.) Since VEGF2 supposedly has activities other 

. than endothehal growth activities, including PDGF-like activities, it is not clear tb me 
whether the results of only an endothehal cell growth assay would rehably exclude 
PDGF proteins from the definition of proteins with VEGF2 activity. (See discussion 
beiow relating to lack of clarity.) Second, pnor art VEGF polypeptides have 

. endothelial cell, growxh activity, so even if ''VEGF2 activity" meant a combination of 
angiogemc and endothehal cell growth activities, the claims would still encompass 
■ prior art VEGF subject matter. 

3.18 Dr. Hayw^ard's position regarding;'VEGF2 activity" is that he does not understand 
why a unique defining activity that discriminates VEGF2 from prior art polypeptides 
(PDGF, VEGF) is necessary at all. He feels that once a substantial portion of the 
primary amino acid sequence is available, the sequence provides the essential defining 
characteristic. The answer to Dr. Hayward is that many of the claims (e.g., those that 

- recite fragment, analogue, or denvative and those that recite antibody binding) do not 
explicitly require the presence of a substantial portion of the primary VEGF2 amino 
acid sequence. Those claims have neither structural nor frmct-ional (activity) 
limitations that exclude the prior art. If a claim fails to exclude the prior art with 
structural or functional or other limitations, then the claim encompasses the prior art. 

C. "Hybridization'' Claim Language Fails to Exclude the Prior Art from the 
Claims. 
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3.19 A number of the claims in the opposed appHcation use a hybridization Umitation to 
attempt to define which polynucleotides and polypeptides fail within a claim and 
which do not. I explained in my first declaration the nature of hybndization 
experiments, and also that whether two polynucleotides hybridize to each other is 
dependent on both the relationship of the molecules (complementarity) andxhc . 
conditions under which the hybridization experiment is conducted. (See, e.g., OPRl. 
at 2.4-2.4.3.) Hybridization experiments are binding expenments with which 
■scientists can determine the relatedness of polynucleotides, and I previously explained 
that scientists can adjust the experimental conditions (e.g., temperature,, ionic strength 
of solutions used) to increase or decrease the stringency of the experiment and thereby 
increase or decrease the group of hybridizing polynucleotides. I explained that the 
HGS claims require no mmimum level of stnngency that would serve to exclude prior 
art DNAs/proteins from the claims. (See OPRl at 2.4-2.4.3, 2.7.5, and 2.7.11-2.7.12.) 

.3.20. None of HGS's declarants contest the fact that claims which recite ''hybridization" , 
language fail to recite hybridization conditions that would sen/e to exclude prior art 
polynucleotides or polypeptides such as VEGF, PDGFa, PDGFb, and PIGF. 

3.20.1 Dr. Mattick says that when he reads the hybridization language of the claims 
in co?nbination with the description of hybridization set forth in the patent 
specification, he v/ould understand ''it" to mean that hybridization conditions 
should be" sufficiently specific to exclude known, non-VEGF-2 sequences. He 
says it would have been routine to perform hybridizations to avoid cross- 
reactivity with poor art sequences. (AJTvll 4.28-4.30, 4.39, and 4.49-52.). 
Thus, Dr. Mattick does not dispute that the claims contain no hybridization- 
stringency hmitations whatsoever.. Dr. Mattick believes the hybridization 
claims avoid the prior art because exemplary conditions in the application 
should be interpreted^ as restrictions on the hybridization claims, even though 
the claims do not contain the hybndization conditions.^ 

■j.20.2 Dr.Hay\varddiscus3es.hybridizationat ANH13. 9-3. 12and 4.11-4.15. He 
adm.its that varymg the hybridization conditions wiil affect the number of . 
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inexact polynucleotide matches that will hybridize to a target sequence 
(ANHl at 3.10), and, like Dr. Mattick, finds an example of conditions m the 
specification which he says will prevent cross-hybndization (.^NHl at 3.1 1). 
He says that cross-hybridization would be unlikely under suitable conditions 
such as those provided in Example L (AKHl at 4.11.), However, he does not 
dispute that such hybridization conditions are not expUcitly recited in the 
claims themselves. 

3 .21 hi view of the comments by the HGS declarants, I have reviewed the application 

again to determine if the application says that, whenever claims recite hybridization 
language, the hybridization should be understood to occur under particular conditions. 
I find no instruction of this nature whatosever. 

3 .22 My review of other HGS documents further convinces me that the hybridization 
claims do not exclude the prior art. It appears from other pubhshed patent ' 
applications that, when HGS intends to limit its claims to certain hybridization 
conditions, or limit claimed fragments, analogs, or derivatives to those with minimum 
levels of sequence identity, 'HGS includes such limitations m the claims. 

3.23 Filed v/ith tliis declaration are Exhibits PAWR-1 to which I understand 

represent the claims of pubhshed patent documents from Human Genome Sciences 
relating to other DNA and protein inventions. When-I examine the claims of those 
applications, I see explicit limitations like the following: 

,3.23.1 Exhibit PAWR-1 composes claims from Human Genome Sciences 

Austrahan Patent Publication No. 71448.4, also directed to Vascular - ' ' 
Endothehal Growth Factor 2, and having common inventors with the opposed 
application. I observe the following claiming conventions empjoyed by HGS 
with respect to that VEGF2 invention, which were not employed with respect 
to the VEGF2 invention in the opposed application: 

Claim 1, part m: VVlien claiming. polynucleotides thai hybridize to a . . 
reference polynucleotide, HGS specified polymucleotide frasnents 
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which hybridize ''under the following conditions: hybndisation in 0.5 
M sodium peroxide NaP04, 7% sodium dodecyl sulfate (SDS) at 65''C 
and washing with 0.5 x SSC, 0.1% SDS at 60X or equivalent 
hybndisation stringency/' (See also claim 14 , 16(m), and 29.) 
As I explain in my first declaration, factors such as temperature and solutions 
used in a hybridization experiment estabhsh (limit) which molecules will 
"hybridize" and which will not. (See OPRl at 2.4-2.4.3.) E^'^^-'^^bit PA.WR-2 
which comprises claims from HGS AustraUan Patent Pubhcation No. 726486, 
includes claims, reciting similar hybridization conditions. (See, e.g., claims 
jj-j4.) 

3.23.2 Exhibit PAWR-3 compnses claims from Human Genome Sciences 
Austrahan Patent Publication No. 708972. I observe the following claiming 
conventions employed by HGS with respect to that invention, v/hich were not. 
employed with respect to the ViEGF2-mvention of the opposed application: 

V/Tien claiming homologues or analogues of a reference sequence, the 
claims include a "percent identical" limitadon v/'hich restricts the - 
amount of variation permitted from the original sequence. See, e.g., 
claim 1, part (h), or claim 6: claim 1 part (n) (''capable of hybridizing . 
. . and which is at least 70% identical"). Also when claiming variants, 
claims include a ''conservative" limitation, which restricts the types of 
variations that are. introduced. See, e.g., claim 15 part (1) ("variant . . . 
wherein said vanant results from conservative snbstitutions.") 

Percent identity language and conservative substitution language serve to limit 

the amount of variation that is permitted in the molecule. 

3.23.3 I have not reviewed these other patents for their merit and express no opinion 
about the appropriateness of the scope of their claims. Nor do I express an 
op.inion at this time about whether the foregoing tvpes of limitations would 
cure defects in the claims of the opposed application. I make reference to 
these documents only to contrast the claim language that HGS used in them to 
the claim language used in the opposed application. Dr. Mattick would read 



the claiuLS of the opposed application to incorporate hybndization or other 
limitations found m the text of the application. Dr. Mattick's analysis fails to 
explain why HGS sometimes chooses to mclude hybndization limitations: 
percent identity limitations, and other limitations in patent claims and other 
times does not, if HGS always mtends to have its claims limited by such 
conditions. 

D. Limitations in the Claims Relating to Antibody Binding and Antibodies Fail to 
Exclude the Prior Art. 

3.24 ■ Claims 16-20 and 40-45 of the opposed application recite a genus of any polypeptides 

that would be bound by any antibody that binds VEGF2. I explained in, my first 
declaration that these claims encompass prior art polypeptides. (See, e.g., OPRl at 
- 2.5 and 2.74-2.75.) I explained that at least some antibodies that were capable of 
binding to VEGF2 would be capable of binding to prior art polypeptides, and that 
consequently, antibody binding limitations of claims failed to exclude the prior art. 
(See OPRl at 2.5, 2.7.12, and 2.7.15.) 

3.25 Dr. Mattick and Dr. Gamble believe that one cannot conclude that these claims are 
anticipated, in the absence of actual tests showing cross-reactivity, and that the claims 
cannot be analyzed on a theoretical level. (See, e.g., AJMl 4.31-4.34, 4.40, and 4.48; 

. AJGl at 7.2 ly There are several tlaws in Dr. Mattick and Dr. Gamble's analysis. 

3.26 First, Dr. Mattick contradicts himself only a few pages later, when he declares that 
''computer programs were readily available in 1994 to generate" information to 

' identify ''all of the antigenic sites on the VEGF-2 molecule." (See AJlVIl 4.83.) It 



Ln paragraph 4.48 Dr. Mattick speaks of whether the amino acid sequence 
'preferentially binds",:a VEGF2 antibody. I'm. not sure what "preferential" binding means, 
and whatever it means, it is not a requirement of the claims. Only ''binding" is required by 
the claims. 



makes no sense to urge- that antibody binding defies theoretical analysis if computer 
programs were readily available seven years ago. that could identify all antigenic sites 
on a protein. 

Second, the scientific literature contradicts the conclusions drawn by Drs. Mattick and 
Gamble. For example, Harlow et ah, Antibodies, a Laboratory^ Manual, Cold Spring 
Harbor Laboratory Press (1988) (cited in the Statement of Grounds and Particulars as 
a treatise that formed part of the common general knowledge m 1994, and also in 
OPRl), instructs that synthetic peptides as small as six residues m length/'will 
consistently elicit antibodies that bind to the onginal protein." (See Harlow at page 76 
which is Exhibit PAWR-4 to this declaration). I explained in my ongmal declaration 
(OPRl at 2.74-2.75) and Dr. Gamble has confirmed (AJGl at 7, 13) that the VEGF2 
sequence andpnor art sequences share at least, one or two stretches of 6 or 7 amino . 
acid (100%) identity. According to conventional wisdom, these peptides can be , 
expected to elicit antibodies that bind to "the original protein/' from which the ■ 
peptides were derived. In other words, conventional wisdom in the field is that these 
peptides can be expected to elicit antibodies which would bind both VEGF2 and also 
bind to the prior art protein (VEGF or PDGF) that shares the conamon peptide 
sequence. The personal opinions expressed by Drs. Mattick and Gamble appear to 
defy conventional wisdom on this subject. 

Third, Dr. Mattick's opinion that one cannot meanmgftilly analyze the claim language 
relating to polypeptides that would bind an antibody that binds VEGF2 on a 
theoretical level compels a conclusion that claims 16-20 and 40-45 of the opposed 
application are indefinite. When one examines the HGS appUeation, one sees that the 
inventors failed to describe any actual antibodies to VEGF2, yet the claims seem to 
encompass the theoretical universe of all antibodies that bind VEGF2. The opposed 
application does not even set forth the proper antibody binding assay to use to ^ 
deteimune whether or not a protein is bound by an antibody that binds VEGF2. Thus, 
like it or not, the claims at issue require a theoretical analysis, if they can be given 
' any meaning at all. If a common sense analysis of antibody science cani^iot be apphed 
to analyze patent claim language, then patent examiners would be required to perfoan 



absurd amounts of laboratory work or otherwise allow any patent claim relating to 
antibody binding. The public could never loiow wuh any certainty whether it was 
working with an infringing polypeptide because the public could never test it for 
binding against all VEGF2 antibodies. (See also discussion in paragraphs 5.4-5.4.4, 
below.) 

9Dr. Mattick's and Dr. Gamble's refusals to draw any conclusions about cross-reactivity 
and antibodies is another example of the double standard that they have applied to this 
proceeding. Scientists have decades of experience making and using antibodies, and 
the. experience permits scientists to make predictions about cross-reactivity. For 
example, scientists would predict that if a first polypeptide has an epitope of about six 
amino acids, then an antibody to that epitope would probably bind the same six amino 
acid epitope of a second polypeptide. (See OPR 2.5.) There is a clear incongmity if 
Dr. Mattick refuses to draw conclusions about antibody binding on a theoretical level, 
but IS v/illing to believe totally unsupported statements in the opposed appHcation that 
VEGF2 fragments can be used to treat cancer and all of the other diseases and 
conditions listed in the opposed apphcadon. (SeeAJMl 4.19-4.24.) Predictions of 
antibody cross-reactivity due to common epitopes is at least as reliable as predictions . 
of biological activity based on only 22-30% sequence identity, which the HGS 
application makes and the HGS declarants appear to accept on faith. 

0 In my analysis of the prior art and novelty issues in my first declaration, I explained 
that scientists would not nonTially consider the immunogenicity of a protein to 
constitute a ''biological activity" of the protein. (See OPRl 2.7.4) HGS challenges 
this position in its evidence in answer. (See, e.g., AJMl 4.45-4.46; .\NH1 at 4.13). 

1 At the outset, I would hke to make clear that if immunogenicity constitutes a VEGF2 
biological activity, then this only creates an additional. reason why claims in the 
opposed apphcation with ''activity ' hmitations are not novel, as I explain in my tmst 
declaration. (OPRl at 2.7.4.) The VEGF2 polypeptides will be expected to generate 
some of the same-antibodies that are generated by prior art polypeptides. 
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3.32 HGS has called my explanation (that immunogenic ity is not a ''biological activity" of 
a putative gi-owth factor) "spunous." (AJMl at 4.45-4.46) The plain fact is that when 
scientists and doctors wish to develop a protem-based therapy, immunogenicity is an 
undesirable side-effect , and not a ''biological acrivity". By way of illustration, I shall 
suppose that the biological activity of VEGF2 m the human body is to heal wounds. 
If one wants to administer VEGF2 as a pharmaceutical to treat wounds, then it is 
absolutely essential that the VEGF2 NOT be immunogenic. The consequences of 
VEGF2 being immunogenic (causing, the body to make antibodies to VEGF2) could 
be catastrophic. For example, the antibodies that the body creates would be expected 
to neutralize the VEGF2 pharmaceutical that was administered. In addition, and more 
senously, the body would continue to make VEGF2 antibodies which would 
neutralize the body's own- V'EGF2, making it harder or impossible for the body to . 
naturally heal future wounds. In- effect, patients being treated with VEGF2 to heal a 
wound would, as a side-effect, d.evelop a potentially permanent and catastrophic auto- 
immune disorder. My illustration shows why an immune response to grov/th factor 
therapy would be considered highly undesirable. This illustrates by example why. 
persons skilled in the art do not classify immunogenicity of a polypepdde (the ability 
to raise antibodies to it) together with those functions (e.g., growth factor functions) 
that are conventionally referred to as biological activities; 

3.33 By way of additional illustradon, I refer to Exhibit PAWR-5 (Skolnick and Fetrow, 
'Trom genes to protein structure to function: novel applications of computational 
approaches in the genomic era," TIBTECH, -18:34 (2000)), a reladvely recent review 
article in the tleld of genomics that explores such issues as predicting what a protein 
does based on a.protein sequence deduced from a DNA sequence. On page 34, the 
authors address the question, "What do we mean by protein function, the focus of this 
article'^'' The authors suggest Tuncnon can have many levels and meanings, e.g., 
depending on whether one is looking at the protein function at a molecular level, 
physiological or metabohc level, cellular or phenotypic level, or the hke. However, 

. the ability to make antibodies to polypeptides is not among them. 

E. Repiy to Miscellaneous Specific Comments of the Evideace-in Ans^ver 
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3.34 I offer the following additional comments to particular declarations in the HGS 
evidence in answer that appear to relate to the issues \of novelty and invendve step. 

a. AJMl 4.40 

3.35 Dr. Mattick declared as follows; 

''In paragraph 2.7 Associate Professor Rogers refers to a 
number of publicadons, which he says teach the subject matter 
claimed in the patent specification. I have reviewed each of 
documents DL D5, D7, D12; D16, D18/D19, D20;D29, D34, 
D35, D36, D39 and D41. None of these documents descnbe 
VEGF-2." (AJM1 4.40) , 

3.36 This statement is not relevant to whether the claimed invention is novel. In my first 
declaration, I explained in detail that the claims- are not limited to VEGF2 molecules, 
and that the aforementioned documents describe molecules 'that fall withm the scope 
of the very broad claims. (See OPRl at 2.7.) ' 

3.37 Dr. Mattick further declared as follows: 

■''Further, to the extent that one or more of the claims in the 
patent specification might include a polypeptide that binds an ■ 
antibody that binds to VEGF-2 I note that none of these 
publications describe an antibody that binds to VEGF-2 or 
- establishes cross-reacdvity beUveen VEGF'2 antibodies and 
VEGF antibodies. These documents refer to snch subject 
. - matter as VEGF,PDGF and PIGF." (AJ^Il 4.40) 

3.38 This statement also is not relevant to the novelty of the polypeptide claims. To the 
extent that these publications AxsclosQ a polypeptide that binds an antibody tharbmds 
VEGF2, these pubUcations destroy the novelty of the claims which recite this 
language. The fact that these publications use other names (VEGF, PDGF, PIGF) has . 
no oeanngon wtiether VEGF2 antibodies bind the polvpep[]des disclosed iherein. 
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b. 



AJMl 4.43 



3.39 



Dr. Mattick declared as follows: 



'The patent specification clearly identifies an isolated mRNA 
encoding VEGF-2. For example, Example 1 and Figures 4 and- 
5 of the patent specification teaches the isolation and detection 
of an mRNA species. (see also the patent specification at page 
27, lines 4 to 32.). Furthermore; the isolation of VEGF-2 
genomic DNA would have been a routine and straightforward 
task in 1994 for any person of ordinary skill in the field of 
molecular biology given the informafion in the patent 
specificanon." (AJMl 4.43) 



3,40 I establish in my first declaradorj that the RNA allegedly identified in Example I does 
. not appear to be a real hlR-NA from the gene that encodes VEGF2. (See OPRl at 
4,13.1 and 5 .8. 10.) Moreover, v/hatever RNA was observed in Example 1 was 
observ^ed in a mixture of RNAs that were electrophoresed on a gel. The example does 
not describe an isolation. With respect to the genomic DNA, I observe that the 
genomic DNA that encodes VEGF2 encodes a protein of 419 codons, but the patent 
application only taught about 350 codons. When HGS discovered the missing 69 
codons, they filed a second patent application. 



"In paragraph 2.7.18 Associate Professor Rogers states: 

"...the claims directed to antagonists of VEGF-2 are riot 
novel over prior art disclosures of forms of the receptors 
to which VEGF-2 could bind, but could not signal See 
Document D27 (disclosing a dominant negafive Flk-1 
■ protein)." . 



c. 



AJMl 4.53-4.54: AJGl 7.30 ■ 7,31 



3-41 



Dr. Mattick declared as follows: 
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"I can find no evidence in document D27 which establishes that the 
dominant negative Flk-1 protein described could bind VEGF -2. I 
observe that the dominant negative Flk-1 receptor described in D27 is 
created by deletmg a significant portion of the' intracellular kinase 
binding domain- from part of one of the Flk-l protems that forms the 
receptor. Such a deletion may well inhibit binding of VEGF-2. In my . 
opinion, no conclusions can be drawn from D27 about vvhether a 
dominant negative Flk-1 protein might serve as a VEGF-2 antagonist." . 
(AJMl 4^53^4.54.) ^ ' \ 

3.42. When Dr, Mattick quoted my first declaration, his cropping changed the context 

entirely. I prefaced the quoted remark with the statement, ''Assuming arguejido that 
VEGF2 aS' taught in the specification possesses any biological activity that is 
mediated through, cell surface receptors . . . VEGF and many other growth factors . 
exert their activity through cell surface receptors. However, there is no evidence in 
the opposed application that VEGF2 acts as a growth factor for anything, or binds any 
.receptors. That is why! prefaced my remark as I did. 

3.43 Of course Dr. Mattick can find no evidence in document D27 to establish that VEGF2 
binds Flk-1 . As I explain in the preceding paragraph, there is no evidence even in the 
opposed applicadon that V1EGF2 binds any receptor or possesses any activity. 

3.44 However, there is evidence from Dr. Alitalo's group that mature VEGF-C binds and 
exerts. its activities through the receptors Flk-l/VEGFR-2 and Flt4/VEGFR-3. (See . 
OPRl at 4.1 1.1.3; Documents 70 and 71.) I raise Document D27 as prior art only if 
HGS's scientists continue to believe that VEGF2 m.oleciiles possess any biological 
activities mediated through- one or both of these receptors. 

3.45 Dr. Mattick' s observadon that a significant portion of the tyrosine kinase domain of 
■ Flk'l was deleted to create the dominant negative mutant, and suggestion that the 

deletion ''may well inhibit" binding of V'EGF-2 is spurious. The Hgand growth 
factors- of Flk-1 are well leiown to bind the extracellular ponion of Flk-1, and not the 
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intracellular tyrosine kinase domain that was deleted in Document D27 (see/for . 
example, Chiang and Flanagan (Growth Factors 1995;12(1):1-10); Tessler al (J. 
Biol. Chem. 1994 Apr 29;269(17):12456-61) andFuh et ai (J. Biol. Chem. 1998 May 
1 ;273(18): 1 1 197-204), which are attached hereto as Exhibits PAWR-6, PAWR-7 
and PAWR-8, respectively. It has been shown that VEGF-C molecules that can bind 
. Flk-1 can bind a truncated version lacking the Flk-1 tyrosine kinase domain (see, for 
example, Document D71). - ' . ' 

d. AJMl 4.55-4,60: AJGl 7.30 - 7.33 

3.46 Dr. iVIattick and Dr. Gamble declare that claim 50 is free of the prior art on the basis 
that the claimed antagonists must be "specific for" YEGF-2 polypeptides. (AJMl 

^ 4.56; AJGl 7:31) They misread the claim. Claim 50 is directed to an antagonist 
specific for the polypeptide according to any one of claims 28-48. I establish in my 
first declaration that claims 28-43 are not limited to VEGF-2 polypeptides,, but rather, 

■ include prior art polypeptides as well. (See OPRl at 2.7.9 and 2.7.1 1-2.7.15.) 
Because claims^ 28-48 are not restncted to VEGF2, the antagonist of claim 50 is not 
specific for VEGF2. . ' 

3.47 Dr. Mattick and Dr.' Gamble misread claims 51-52 in the same way. (AJMl 4.57- 
4.58; AJGl 7.32-7.33)- These claims are not limited to treating a patient with a ■ 
VEGF-2 protein, but rather with ''a polypeptide according to claim 28'* or an 
antagonist thereof Claim 28 reads on the prior art proteins and antagonists as well as 
on VEGF-2 (see OPRl at 2.7.9), and consequently: claims 51-52 read on uses of the 
.prior art proteins or antagonists, as I explain m my tirst declaration. 

3.48 In paragraphs 4.59-4.60, Dr Mattick mnsreads claimso7-6 1 m the same way, because 
he believes that the earher claims to which they refer are limited to VEGF-2 subject 
matter, which they are not. (See OPRl at 2.7.21.) 

e. AJGl 7.34 -7.35 

3.49 In paragraphs 7.34 - 7.35, Dr. Gamble appears to be responding to my explanation (in 
OPRl 2.7.20) that claim 56 encompasses the prior art. However, she only addresses 
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one observation regarding the absence of v/orkmg examples. She does not dispute my 
analysis or conclusion regarding the claim encompassing the pnor art, 

F. Important uncontested aspects of my first declaration. 

3.50 In Sections A-D, above, I explain that the arguments in support of novelty and 
invention provided by the HGS declarants are not persuasive because they do not 
relate to what was actually, claimed, or because they rely upon unworkable' claim 
interpretations, or other reasons. In Section E I address what I believe to be the only - 
other arguments in support of novelty and invention provided by the HGS declarants. 

3.5 1 To conclude my evaluation of the HGS evidence-in-answer as it relates to novelty and 
invention, I beheve it is worthwhile to identify other uncontested points of my first 
declaration. In particular, there ^re many claims that introduce limitations not directly 
related to VEGF2, such as limitations relating to a heterologous polypeptide (claim 
21); limitations relating to vectors, host cells, and methods of production (claims 22- 

■ 27); limitations relating. to use of phannaceutical carriers (claim 53); limitations 
relating homo-dimerization (claim 47); and limitations relating glycosylation (claim 
48). I explained in my first declaration that none of these claims/limitations confer- 
novelty or invention to any claims that otherA^ise encompassed the prior art. (See, 
e.g., OPRl at 2.7.7, 2.7.8, 2-7.10,^2.7.14, and 2.7.15.) I believe that none of the HGS . 
declarants have contested these opinions expressed in my first declaration. ' \ 

3.52 . Many of the opmions that I offered in my first declaration relating to the issue of 
inventive step appear to have been uncontested by any HGS declarant. (See, e.g., OPRl at 
3.4-3.7.) ■ 

LACK OF FAIR BASIS AND INSUFFICIENCY 

4.1 In Sections 4 and 5 of my first declaration (OPRl), I explained that the opposed 

apphcation described an incom.plete and non-working invention - a description thar 
was not adequate to practice the mvemion as claimed, and that certainly was not 



commensurate in scope with the breadth of the claims that HGS was asking the Patent 
Office to grant to them. For example, I explamed that there were defects in the 
apphcation relating to the biological deposit and the description of experiments in the 
"Examples", and that the results reported m at least one example had been discredited 
in the scientific literature. I explained that ''VEGF2" as taught in the opposed 
application was incomplete, could not be expressed and secreted as a protein as HGS 
had instructed in the opposed application, and that there was no evidence that the 
incomplete VEGF2 had any of the activity alleged in the apphcation. The limited 
nature of HGS 's contnbution (sequencing of an (incomplete) cDNA, doing a database 
sequence corapanson, and doing a Northern blot mRNA expression study) was not 
adequate to predict structure. or function of the VEGF2 protein alleged as the 
invention: It certainly was not commensurate in scope with the amount of 
experimentation needed simply to make the invention work. I explained that the 
protein that the human body produces i?i real life from the VEGF2 gene has a 
staicture vastly different from anything taught by HGS m the opposed apphcation, 
.. .and that the protein's pnncipal flmction in adult tissues appears to be in regulation of 
the l>TTiphatiG system, a function that completely eluded the HGS inventors and was 
not suggested in the patent application. (The protein's staicture and function were 
: elucidated by Ahtalo et al, a group that has since been awarded multiple patents on 
their work.) I explained that many of the HGS claims v/ere not based on the 
apphcation as it was filed, but rather, were an attempt to capture inventions such as 
[hose of Ahtalo et al. that were published dunng the pendency of the opposed, 
application before the Patent Office, but that owed nothing to the contributions 
embodied in the opposed-application. 

4.2 ■ ha this section of my declaration, I reply to the HGS evidence-in-answer that appears 
to relate to the issues of Lack of Fair Basis or Insufficiency. The declarations offered 
by HGS usually failed to identify which issue they were answering. Accordingly, I 
have attempted to reply to ah such issues in a single section of this declaration. 

A. ADMISSIONS AND UNCOlNTESTED EVIDENCE 
AL AdmissioQS that the inveutioQ was incom.piete. 



4.3 Many of the HGS declarants have admitted for the record that VEGF2 as taught in the 
patent appHcation is incomplete. Thus the opposed application did not provide the 
pubhc with a complete invention. The HGS declarants admit that the beginnmg of the 
VEGF2 polynucleotide and polypeptide molecules, including the true VEGF2 signal 
sequence, was missing from the application as filed, and thus, that the teaching in the 
application that tlie first 24 of 350 amino acids represent a si^gnal sequence, with 
mature VEGF2 being 326 ammo acids, was simply incoirect. 

4.3.1 Dr. Mattick: "the fact that the signal sequence infonnation was incomplete" 
; (AMI at 4.13.)^ . 



^Dr, Mattick admitted m his declaration that ''An important difficulty that researchers 
faced m 1994 (and still face today) is the process of determining what a new gene encodes. 
This involves careful consideration and scientific training, and it is not a simple or 
straightforward process. Importantly, the isolation of a DNA sequence does not guarantee 
sufficient information to establish whether the sequence encodes a protein or if it does, the 
nature and function of the protein it miglit encode. Such informaiion had to be determined in 
1994 (as it is today) by a researcher using scientific skill, their experience, their knowledge 
and often a wide range of different analytical and expenmental tools." (AJMl at 3.13) Dr. 
Mattick declared that ''once a DNA sequence had been cloned, farther mampulations of that 
sequence would be relatively routine practice. Moreover once a protein sequence had been 
'identified there were many routine methods available for analysing that protein." (AJMl at 
■3.14.) When reading the declarations filed by HGS, it is important to remember that the , 
inventors H.AD NOT YET CLONED THE COMPLETE VEGF2 GENE- (In fact, the 
applicants tiled a second patent appUcation, more than a year later, when the inventors 
realized that the VEGF2 gene was- incomplete.) Many of the techniques available, for 
analyzing DNA and protein would have been fruitless if applied to VEGF2 taught in the 
opposed applicadon. because VEGF2 v/as incomplete. ' 
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''I note that a portion of the hall length VEGF-2 sequence, 
which is not disclosed in the patent specification, is pan of the 
NH2 (ammo) terminal end of the full length.polypeptide 
sequence. This equates to 69 amino acids .... [The YEGF-2 
signal] sequence is located among the 69 ammo acids that were 
not disclosed in the patent specification/' (AJGl at 6.4.) 

'The patent specification discloses 350 amino acids of the 
VEGF-2 sequence whereas it has subsequently been 
determined that VEGF-2 has 419 amino acids. The missing 
ammo acid sequence is now known to contain the signal 
sequence that directs secretion of VEGF-2 from the cell." 
(ANHl at 3.13.) . . / , ■ : 

"[T]he 350 amino acid form of VEGF2 corresponds to amino 
acid residues 70 to419 of the 419 form of VEGF2." (ATRI at 
8). 

4.4 ^ Many of the HGS declarants then devote substantial material to explaining that tliey 

would have eventually experimented sufficiently to make alternate molecules fe.g., 
foreign signal sequences attached to either a 350 amino acid VEGF2 or a 373 amino 
acid VEGF2) that the opposed appUcation simply fails to teach. Such 
■ experimentation is beyond the teachings of the application, which is limited to 
relatively straight- forward partial cloning and sequencing work.. 

4.5 In fact, a stnkingly large percentage of the evidencs-im answer is devoted to 
discussions of experiments that the declarants might have thought to have performed" 
back in. 1994, if provided with the teachings of the opposed patent apphcatiom in ■ 
order to try to make or use the VEGF2 invention. I have tried to catalogue some of 
the numerous 'paragraphs in the evidence-in-answer devoted to- such "obvious 
expenmentation" to demonstrate its magnitude. (See Exhibit PAWR-9 to this 
declaration.) The extensive experimentation that HGS's expens/would have needed 



4.3.2 Dr. Gamble: 



4.3.3 Dr. Hayward: 



4.3.4 Dr. Rapoport: 
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. to perform validates my previous declaration setting forth that the opposed appUcation 
lacks a disclosure adequate to place the public in possession of what is claimed as the 
invention. The large quantity of eKpenmentation suggested, which the declarants for 
the most part have not actually performed to see if it would work, would not be 
needed at all if the invention worked in the manner described in the opposed 
application. I discuss some of the details of the proposed experiments further below. 

4.6 Especially noteworthy is the large amount of experimentation devoted to figuring out 
• that the application was wrong, and how to correct it. I explain in detail below that, 

even if all of the experimentadon would have eventually resulted m a working 
invention, it would no longer be the invention of the opposed apphcation. The 

■ experimentation suggested by HGS's declaratioas proceeds in a different direction. 

A. 2 Admission that VEGF2 is too distantly related to prior art molecules to 
reliably predict structure of function. 

4.7 . The opposed application is devoid of any evidence of VEGF2 activity. Instead, it 
predicts that VE.GF2 will have the activities that others had shown for VEGF or for 
the PDGF's. In my first declaration I carefully explained that 22-30% amino acid ■ 
identity between proteins vvould not have been considered sufficient to predict 
biological activity, and gave many examples. (See OPRl at 4.6.3 - 4.6.5.) None of 
HGS's declarants explicitly disagreed with this position. In a statement that could be 
construed as partial agreement, Dr. Hayward declared ''that there is not sufficient 
sequence identity betv/een VEGF-'2 and PDGF, VEGF and PIGF (as is clearly 
demonstrated in Figure 2) for these molecules to be considered derivatives of VEGF- 

■ 2." (ANHl at 3.S; see also ANHl at 4.11 ("lack of detectable homology")- ' 

4.8 In fact, Dr. Gamble characterizes the homologies at the ammo acid level between 
VEGF, PDGFa, PDGFp, and VEGF-2 as very low, with significant differences 
between the molecules, and very few stretches of significant contiguous amino acid 
sequences: 
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Wlien regard is had to the information provided in the 

patent specification one observes that the homologies at 

the amino acid level between VEGF, PDGFa, PDGFb 

and VEGF-2 are very low. The identity between 

VEGF-2 and each of VEGF, PDGFa, PDGFb is 30%, 

23% and 22% respectively (see page 5 of the patent 

specification). Further, there are very few contiguous 

sequences of ammo- acids that are identical between 

VEGF-2 and each of VEGF, PDGFa or PDGFb (see 

Figure 2 of the patent specification) In fact, the largest 

single contiguous sequence of amino acids is only seven 

amino acids in length and is found in the signature ' ^ • 

motif, which is identified by a box in Figure 2. After 

that stretch of residues there IS one other stretch of six 

contiguous* amino acids but no other significant 

contiguous amino acid sequences that share identity 

between VEGF-2 and VEGF, PDGFa or PDGFb. Thus, ■ 

at the primary amino acid level there are significant: 

^ differences between VEGF-2 and VEGF, PDGFa or 

. PDGFb. (AJGl 7T3.) 

4.9 ' I believe her charactenzation supports nicely the. point that I made in my first 

declaration, that the low similarity and significant differences between VEGF2 and 
VEGF or the PDGF's would not permit reliable prediction of structure or function. 

4T0 Similarly, Dr. Hayward says that "thers is not sufficient sequence identity between 
VEGF-2 and PDGF, VEGF and PIGF (as is clearly demonstrated m Figure 2) for 
these molecules to be considered denvatives of VEGF-2." I interpret his statement to 
■ be an agreement that 22-30% sequence identity is too low for a person to have 
concluded that proteins v/ould share the same function. 
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4.1 1 In my first declaration I explained that the examples in the application contained 
errors and omissions. (See, e,g., OPRI at 4. 13-4.13.5.) iMy analysis is essentially, 
uncontested by the HGS declarants. In some mstances, HGS's declarants confirm 
that there are errors and omissions. (See, e.g., ANHl 4.27; AJMl 4,90-4.92.) 

B, MERE CATALOGUING IS NOT EVIDENCE AND DOES NOT AJSSWER MY. 
INITIAL CRITICISMS OF THE OPPOSED APPLICATIOiNS 

4.12 Significant portions of the evidence-in- answer are devoted to highhghting the many 
general molecular biological techniques allegedly taught in the opposed application. 
(See, e.g., AJMl at 3.12oT9; 3.29, 3.31, 4.71; and 4.83; AJG 6.8-6.8.1 1; ANHl at 
3.6/3.1 f 3,21.) I acknowledged in my first declaration that the HGS application 
contains such ''stock" teachings that HGS apparently chooses to include in many of its 
molecular biology patent applications, irrespective of the inventors and irrespective of 
the invention described and claimed. , (OPRI at 4.6. 2T0 I also set forth in detail 
many specific deficiencies of the opposed application which are not cured by 
regurgitation of standard molecular biological techniques. I maintain my opinion that 

■ the invitation in the opposed application to conduct-further experimentation using 
standard molecular biological techniques does not cure the failure to adequately 
-describe the VEGF2 invention in a manner commensurate with w^hich HGS has 
attempted to claim it. No matter how much attention HGS draws to its stock 
teachings, they remain nothing more than an invitation to experiment and not a 
teaching of a complete VEGF2 invention. , The amount of experimentation that HGS 
has left for the Australian public to perform in order to deteraiine the true structure of ■ 
the VEGF2 gene and protein, a working method of expressing and secreting the 
protein, and a proper identification of its biological activities vastly outweighs the 
amount of experimentation that HGS conducted before it filed its application on the 
incomplete VEGF2 gene. The expenmentation is not merely routine work to make 

■ the invention work in the manner taught by the application. Rather, it is 
expenmentation to discover something that is not described in the apphcation, and 
how to make it work. 



38 



4.13 Significant portions of the eviderLCs-in-answer are devoted to repetition of various 
predictions in the patent application that are unsupported in the appUcation by 
scientific evidence, or even by a sound basis for prediction., I have attempted to 
catalogue some of these portions of the evidence-in-answer in Exhibit PAWR-10 to 
this declaration. I acknowledged m my first declarafion that the HGS apphcation 
contains such predictions. (OPRl at 2.3.3 and 4.6.5.) I also set forth m detail that 

, these v/'ere nothing more than predicdons, lacking any apparent basis in scientific 
■ experiments. (OPRl at 4.6.3.1 and 4.6.5.) I also set forth in detail that there was no 
accepted scientific basis for the predictions. (OPRl at 4.6.3.1 and 4.6.5.) The 
evidence-in-opposifion also included scientific evidence that many of the predictions 
were simply wrong. (OPRl at 4.6.4 and 4.6.5.) The many specific deficiencies of the 
opposed applicafion are not cured by regurgitation of the inventors' predicdons in the 
evidence-m-answer, without cnfical evaluation of whether they have basis in fact. I 
maintain my opinion that the invitation in the opposed application to conduct further 
experimentafion to determine how to make and use the invention, by seeing which (if 
any) predicdons were correct does not cure the failure to adequately describe the 
VEGF2 invention in a manner commensurate with which HQS has attempted to claim 
it. ■ 

C. THE LARGE BODY OF EXPERIMENTATION EMBODIED LXTHE HGS 
EVIDENCE CONCLUSIVELY PROVES THAT THE OPPOSED 
APPLICATION WAS INCOMPLETE AND INADEQUATE. 

4.14 In this section I explain m greater detail that much of HGS's evidence-in-answer 
actually supports Ludwig Institute's opposition by confirming that the invention does 
not work as taught, and demonstrating that substantial experimentation and ingenuity 
v/ould have been required to make the invention work. In many cases, the proposed ■ 
experiments would have required ingenuity to contravene plain teachings in the 
application, after expenmentally determining that the invention does not work as - 
taught. In other cases, the ingenuity, was of sufficient character that at least HGS 
beheved that it warranted the filing of additional patent applications. In other cases, 
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the ingenuity was of sufficient character that other parties filed and were awarded 
patents on the work. 

CI. ExperimentatioQ Needed to Make VEGF2 Polypeptides 

4.15 I have reviewed the two declarations of Professor Ahtalo where he performed ■ 
controlled expenments to determine whether the approximately 350 ammo acid. 
VEGF2 taught in the opposed application can be expressed and secreted as a mature 
VEGF2 m the manner taught by the application; 

4.16 In my opinion, Professor Ahtalo 's expenments were designed as an accurate 
reflection of v^hat the patent apphcation teaches to scientists in the field of the 
invention. The apphcation teaches- that the approximately 350 ammo acid VEGF2 
comprises a leader (signal) sequence of approxim.ately 24 amino acids that would 
direct secretion of a mature VEGF2 of about 326 amino acids. Dr. Alitato's 
experiments were designed to see if the encoding cDNA could be expressed and 
secreted as taught in the opposed application. 

4.17 " Dr. Alitalo's expenmental results demonstrate that VEGF2 is not expressed and 

secreted as taught in the application. The design of the experiments-was sound, and 
the results are clear. Knowing what we now know in year 2001 about VEGF2, an 
obvious explanation for the lack of expression is that the constract in the patent 
application lacks a signal pepdde. The opposed apphcation teaches an incorrect and 
nonfunctional signal peptide. It is not clear to me whether this error was ever brought 
to the Patent Office's attention before the opposition proceeding instituted by Ludwig 
Institute. ■ ■ ' 

4.18 In fact, I think the declarations fded by HGS reflect silent recognidon that the 
application was.com.pleteiy wrong about VEGF2, because the HGS declarants admit 
that the true signal peptide is missing, and then discuss alternative ways of expressing 
VEGF2 that are NOT taught in the applicadon. : 



40 



4J9 For example. Dr. Mattick admits ''the fact, that the signal sequence infomiation was 
incomplete" at paragraph 4. 1 3 . In fact, he begins his detailed explanation of how he 
might have successfully expressed VEGF2 with the assumptiGn that aji attempt to 
express the VEGF2 protein using the putative secretion signal sequence identified in 
the patent specification would not work. {Sc^ AJMl 4.5, and ensuing discussion m 
paragraphs 4.6-4.13; see also AJMr4.76-4.78.) In the ensuing discussion, Dr. 
iVIattick goes on to explain how he would have deduced from the opposed application 
to express an approximately 373 ammo acid VEGF2 sequence using a heterologous 
signal peptide (AJMl 4.7-4.8), even though he acbiowledges in the very next 
paragraph that the applicadon teaches only to attach a heterologous signal to ''the 
mature sequence." (AJMl 4.9) 

4.20.* The 373 amino acid. construct that Dr. Mattick says that he would eventually have 

made is not-descnbed in the application at all. The application actually only teaches 
an approximately 350.amino acid full.length VEGF2 and mature VEGF2 of 325 
amino' acids. Viewed in the manner most charitable to HGS, Dr. Mattick has said 
that, after determining (or being told) that the invention descnbed in the patent 
application does not work, he miglit have been able to design some experiments to 
■make an embodiment that is not descnbed an^Avhere m the application, but that he 
thinks could work. .And there is no indication that he has performed these, 
expenments to see if they really do work. 

4.21 Dr; Gamble makes the same admission as Dr. Mattick that the VEGF2 invention is 

incomplete: 'T note that a portion of the full length VEGF-2 sequence, which is not 

disclosed in the patent specification, is part of the NH2 (ammo) terminal end of the 

full length polypeptide sequence. This equates- to 69 amino acids . . . .. [The VEGF-2 

signal] sequence is located among the 69 ammo acids that were not disclosed in tJie 

patent specification." (AJGl at 6.4.) Like Dr. Mattick, Dr. Gamble assumes (with 

hindsight) that she would have had Icnowledge of this defect, in the patent applicadon, 

and. explains that "The mere fact that the sequence disclosed in the patent application 

does not include the first 69 amino acids of the full-length VEGF-2 sequence would 

( 

not dissuade me from attempting eo express the sequence disclosed m the patent 
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specification with a heterologous signal sequence. " (AJGl at 6.5.) Thus, Dr. Gamble 
apparently would have tned to attach a heterologous signal sequence to the 

■ ■approximately 350 ammo acids of'VEGF2 disclosed in the patent application. Dr. 
Hay^vvard says he would have used a similar approach. (See ANHl at 420.) 

4.22 Dr. Hayward's declaration of how he v/ould have made VEGF2 polypeptides is', 
redundant to the Gamble and Mattick declarations. Dr.. Hayward, like Dr. Mattick 
and Dr. Gamble, admits that the VEGF2 taught in the patent application is 
incomplete, missing a large portion of the ammo terminus which "is now known to 
contain the signal sequence . . . (.AaNHl 3.13.) Like Dr. Mattick, he says that he 

■ would have read the application as providing 373 amino acids, even though if 

' ■ exphcitly states that VEGF2 is onlyoSO. (ANHl at 3.14.) Like Dr.. Gamble, he says 
that he would have experimented and eventually attempted to express the 350 amino 
acids with a heterologous signal,.sequence, even though the apphcation taught that the 
350 ammo acids already contained a signal sequence.- (ANHl at 3.20-3.26) Like Dr. 
Mattick, he says that if ihQ 350 amino acid VEGF2 as taught in the patent application 
could not be expressed and secreted, then he would have begun experimenting to 
attempt to figure out what was v/rong. (ANHl at 3.17) ■ 

4.23 Dr. Pvapoport provides a similar, redundant explanation. He says that ail secreted 
proteins have easily recognizable signal sequences (ATRl at 4-6), but does not see 
such a sequence in.VEGF2 of the apphcation. . (ATRl at 10.) Instead of concluding 
that VEGF2 is not secreted, he says he would have had great confidence that VEGF2 
was secreted, and would therefore have attached a "strong" foreign signal sequence to 
350' amino acid VEGF2.. (ATRl at 12.) He declares that "this approach is 
specifically taught in the HGS patent specification" at page 14, but if is not. Nothing 
in the opposed applicadon would fairly be read to teach attaching a heterologous 

, signal sequence to the portion of VEGF2 that was identified in the apphcadon as a 
signal sequence. Such signal peptide redundancy makes no sense when 
' recombmantly expressmg polypeptides. 



4.24 The expenmentation suggested by all of these declarants is not taught or even 
suggested by the opposed patent application, but rather is dnven by hindsight 
Icnowledge of information published after the opposed application was t~iled. (See 
discussion below (subpart D).at paragraphs 4.55-4.66, repeated here by reference.). 

4.25 Before leaving the topic of the VEGF2 expression expennaents suggested by Drs. . 
Mattick, Gamble, Hayward and Rappaport, I believe it is important to re-emphasize 
that they do not even attempt^to reproduce the invention described in the opposed 
application. In fact, it is iromc that the four experts would read an application that 
taught mature VEGF2 is 326 amino acids, and then be motivated to make a construct 
compnsing a foreign signal, peptide attached to VEGF2 of 350 or 373 amino acids. 

■ The results of such experiments should have no bearing on the adequacy of the 
opposed apphcatiom's teachings, because they are neither disclosed nor suggested in 
the opposed application. As I explain above, the approaches suggested by all of the 
HGS declarants reflect an unspoken admission that the invention does. not work as 
taught m the opposed application. Whether or not the HGS declarants approve of 
Professor Alitalo's experiments described m his two declarations, they seem to 
recognize that his results are accurate, because they have abandoned the" teachings of 
the application and are now advocating expression strategies that are not in the 
application. 

4.26 Dr. Mattick, Dr. Gamble, Dr. Hayward and Dr. Rapoport all cite U.S. Patent No. . 
6,130,071, issued to Ahtalo et al.., as evidence that VEGF2 could be produced using 
the expenmental approaches he has outlined in his declaration. (See AJMl 4.12; 
AJGl 6.5; ANHl 4.20; and ATRl at 13)^ ia my opinion, the Alitalo patent only 
serves as evidence that all of the extra work that the HGS declarants are describing is 
invennve work by another, and not routine "work that should be credited to the 
opposed application of^HGS. I obser--'e m the ''References Cited" portion of the 



'Dr. Rapoport also rehes on Dr. Ahtalo 's published journal articles, relating to VEGF- 
C. ATRl at 13-15). ^ 
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relevant patent the citation of Documents D4j, U.S. Patent Nos. 5,932,540, 5,935,820 
(Documents D92 and Exhibit PAWR-11 respectiveiy), and International Publication 
No. WO 95/24473 (Exhibit PAWR-12), all of which are related m some manner to 
' the opposed apphcation. In fact, WO 95/24473 appears, to be identical to the opposed 
apphcation. Ludvvig Institute's attorneys have explained to me that, because these 
documents are listed in the ''references cited'' section, the documents were considered 
bv the U.S. examiner when deciding to issue U.S. Patent No. 6,130,071. The fact that 
a U.S. patent examiner considered the invention of 6,130,071, filed'in .l997, to be 
patentable after considering the contents of the opposed application (m the ; 
aforementioned documents), suggests to me that the work descnbed in that patent/is 
inventive work of others, and owes little or nothing to the teachings of the opposed . 
application. Patented work of others can not reflect the efforts of routine 
experimentation. 

. 4.27 Moreover, it is not clear to me how the content of U.S Patent No. 6,130,071 oould be 
argued to support the adequacy of the disclosure of the opposed application in any way. 
■ The biologically active VEGF-C forms described in the 6,130,071 patent are NOT the 
350 or 326 amino acid forms of VEGF2 taught in the opposed apphcation.. (Dr. Gamble 
represented to the Patent Office that they were m AJGl 6.5) Nor are they the 373 amino 
acid form that Dr. Mattick and Dr. Hayward believe they v/ould have thought to create 
.after reading the opposed apphcation. Nor are activities such as Flt4 receptor stimulation 
or lymphatic endothelial cell growth factor of the Alitalo patent attributable to the 
opposed apphcation. Dr. Rapoport premised his analysis on the "understanding that 
VEGF-2 and VEGF-C are terms used to refer to the same molecule/' ■ (ATRl' at 13), At 
least m the context of the present application, which taught an incomplete VEGF-2, and 
mistaught the mature molecule, this premise is clearly incorrect. {See paragraphs 2,13- 
2T6, above). 



4.28 Also, it should be emphasized that Dr. Alitalo's research group had identified the fall 
length 419 ammo acid prepro-VEGF-C and had characterized its biological activities 
at the time that they filed their 1997 patent apphcation and published their 1997 
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paper. The notion that this work should be credited to the opposed application, which 
taught an incomplete protein that is not expressed and secreted and that has never 
been reponed in the literature to have any activity, is unacceptable. 

4.29 - Dr. Mattick declares that the VEGF2 sequence provided in the patent apphcation 
"would have allowed me and I beheve any person of ordinary skill in the field of 
molecular biology in 1994 to design specific strategies to obtain any polynucleotide 
sequence (iegDNA. mRNA or cDNA) encoding VEGF-2," (AJMl at3.34) Dr. 
Hay^A/ard makes a similar declaration. (ANHl at 3.26 and 4.18.) Of course, 
''designing strategies" is merely designing expenments for -further research, and no 
■guarantee of results. It is only necessary because the invention does not work the way 
that HGS tatight in the opposed application. Wlien HGS eventually isolated a fiill- 
length VEGF2 sequence of 419 amino acids, they thought the new result was 
. . significant enough to. file a brand new series of patent applicafions. [See Documents 
D44^46 and discussion at OPRl paragraphs 1.5. 1.1-1.5. 3.] If Dr. Mattick' and Dr. 
Hayvvard think that ''an/' VEGF2 polynucleotide sequence was withm routine reach 
by a person of ordinary skill, they are disagreeing with the inventiveness in HGS's 
second senes of VEGF2 patent applications. 

4.30. ■ Dr. Mattick and Dr. Hayward also declare that the patent apphcation' s teachings - 
regarding VEGF2 v/ere sufficient to identify and isolate VEGF2 from other species. 
[See AJMl 4.93-4.94; ANHl at 4.19.) The fact is, the teachings regarding VEGF2 
are not even sufficient to provide the public with complete human VEGF2, (See 
OPRl at, e.g., 1.5.. 1.1 and 4.1 1-4.1 1.1.3.) When HGS eventually discovered full 
length human VEGF2, they beUeved that the discovery was of sufficient magnitude to 
warrant another senes of patent apphcafions. (See Documents D44-D46-) It would 
have been a much greater leap from. incomplete human VEGF2 to complete VEGF2 
fi-om other animals. Thus, I cannot agree with Dr. Mattick and.Dr. Hay^vard's 
evaluation. . 

C2. Experimentation Regarding VEGF2 BioiogicaJ Activit}^ 



4.3 1 The preceding paragraphs relate to all of the expenmentation that HGS admits 
through its evidence in answer was necessary simply to express VEGF2 

. polypeptides.^ That is only pan of the experimentation that would have been needed 
to practice the VEGF2 invention, because polypeptides perse are not necessarily 
useful for anything more than a cunosity for flirther research.. It is equally clear from 
the evidence in answer that further expemxientation was needed to figure out exactly 
what VEGF2 biological activity is. I ongmally discussed inadequacies of the 
teachings of the opposed apphcation with respect to VEGF2 biological activity in 
OPRh at 2,3.2, 2.7.4, 3.4.2', 4.6, 4.6.1-4.6.5, 4.8, 5.4, 5.5, and 5.9. 

4.32 Dr. Mattick discusses VEGF2 biological activity at, e.g., AJMi 4.14-4.24. Dr. 
Gamble discusses VEGF2 biological activity at; e.g., AJGl 5.14-5.22, 6.7, 7.8-7.11, 

" 7.15-7-18; and 7.28-7.29. Dr. Hayward discusses biological activity at, e.g., AiMHl at 
3.6, 3.27-3.36, and 4.3-4.10. . , 

4:33 hi paragraph 4.15, Dr. Mattick selects ONE PASSAGE of the opposed application ■ 
relating to in vitro expansion of vascular endothelial cells and says that he v/ould have' 
understood from it that an expected activity of VEGF-2 is to prom.ote ^growth of 
vascular endothehal cells in culture. In paragraph 4.16 Dr. Mattick says that, ''had I 
wanted to examine a secreted VEGF-2 protein using other assays relevant for 
activities specified in the patent specification, (see below) I would have identified 
someone working in the vascular bio.logy or endothelial biology field and I would 
have asked them for advice about the types of angiogenic assays that were available in 
1994 and how to set up the assays, or I would have asked whether they would be . 
prepared to collaborate with me in my research by testing the protein that I had 
produced:" Dr. Gamble similarly selecrs testing for endothehal ceil "growth and/or 
angiogenic activity. (AJGl 5.14-5.22, 6.7,, 7.8-7.1 1, 7. 15-7. IS, and 7.28-7.29.) Dr. 
Hayward selects these two functions and a few others. (See, e.g., ANHl at. 3.28- 



And, as I explain, the poKpeptides that HGS's experts would make are'not the one 
taught m the opposed apphcahon. 
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3-29.). Dr. Mattick says he could have used an endodieUal growth activity to venfy 
■ the production of VEGF2. Dr. Gamble says she could have tested VEGF2 activity 
with such an assay. Dr. Ha ward says the testing would have been routine. I find 
several flaws in their analysis. 

4.34 HINDSIGHT. As I explain in detail in my first declaration, endothelial cell growth is 
only one of a huge, number of alleged uses for VEGF2 in the opposed apphcation. 
Applying the reasoning of the HGS declarants,, each one of the uses could have given 
nse to a number of activity assays. The HGS declarants apparently selected ^ 
endothehal cell cultunng because they (e.g., Dr. Mattick and Dr. Gamble) believe that 

■ HGS's subsequent work [e.g., embodied in the HGS II apphcadon, Documents D44- 
D46) shows that tliis is a vahd activity.^ Even if endothehal cell growth were a, true 
activity of VEGF2, there is nothing in the opposed application proving that 
endothehal cell culture is a good, selection, as opposed to, e.g., a bone gjowth assay, a 
ligament growth assay, a cementum growth assay, or a collagen growth assay, just to 
name a few. (See opposed application at p. 17, first paragraph.) - 

4.35 Dr. Mattick alleges that VEGF2 activity for promoting growth of endothelial cells in 
culture has been validated: 

'T note that such an activity has subsequently been 
shown to be something possessed by VEGF-2. I refer 
to HGS Patent Application 60467/96 (714,484), which 
shows that VEGF-2 exhibits prohferative effects on 
vascular endothehal cells (see page .42, line 32 to page 
43 hne 25 and Figures 8 and 9)." (AJMl 4.15) 

4.36 Dr. Matdck should have, but failed to, qualify this remark by explaining that the 

' VEGF2 purportedly tested in HGS's second VEGF2 patent application is a different 
VEGF2 than the VEGF2 that HGS taught m the opposed application. While Dr. ■ 

^This subsequent woxk related to polypepddes that were not taught in the opposed 
application and are not infomiative about the acdvity of VEGF2 poi;/peprides at issue in chis 
proceeding. See paragi'aph 4.36.. ^_ „ 
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Mattick may not think' that this difference is significant, it appears to me that HGS felt 
that it was significant enough to warrant fihng a second VEGF2 patent apphcahon. 
Drawing a conclusion about 326 amino acid mature VEGF2 taught in the opposed 
application based on data denved from what was allegedly an approximately 374 
ammo acid VEGF2 is precisely the type of scientific reasoning that HGS's declarants 
(e.g., Dr. Gamble) would rebuke as highly speculative. The excerpts cited by Dr. 
[Vlattick do not permit the conclusion that VEGF2 taught in the opposed application is 
useful for endothelial cell culture. 

4.37 Dr. Mattick and Dr. Gamble cite no evidence whatsoever concerning the validation of 
an angiogenesis assay for the VEGF2 taught in the opposed application. 

4.38 The only alleged scientific evidence of VEGF2 biological activity cited by^Dr.- 
Mattick, Dr. Gamble, or Dr. Hayward is m Example 1 of the application: 

4.38-1 Dr. Mattick: "Further the patent specification provides in Example 1 ■ 

■ Northern Blot data (see figure 4) showing that VEGF-2 is over-- 
■ • expressed in breast cancer cell lines. This result indicates to 
me that VEGF-2 is biologically active m tumours.'' (AJMl at 
■ . ' . : 4.18.) 

4. 38. 2' Dr. Gamble: .. . confimiation that the VEGF-2 sequence descnbed m the 
specification is expressed m vivo, and therefore likely to 
indicate a biological activity, is provided in the Examples of the 
specification where it is shown by Northern blotting that a 
number of maUgnant breast tumour cell lines over express 
VEGF-2. The over . expression of VEGF-2 in breast cancer cell 
lines while absent m a normal breast sample suggests a role of 
VEGF-2 in tumor development perhaps by promoting the ~ 
growth of new blood vessels, as v/'as observed for VEGF. 
(AJGl 7.17. See also AJGl 7:28 - 7.29) 
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4.38.3 Dr. Hay^vvard: ''In Example 1 in the patent specification the inventors 

demonstrate that VEGF-2 is over expressed in VIVO in a number 
of malignant breast tumour cell lines. This result is, I beUeve, 
indicative of VEGF-2 biological activity. .It suggests to me that 
YEGF-2 plays a role in Uimour development possibly by 
promoting new blood vessel growth similar to VEGF. 
Additionally, it is apparent to me from reading the patent 
specification as I beheve it would be to others in my field that. 
VEGF-2 is a growth factor that is related to VEGF and is likely 
to play a role in the regulation of endothelial cell mitogenesis." 
(ANHl at 4.6) 

4-38.4 There are several problems with Dr. Mattick, Dr. Gamble, and Dr. Hayward's 
conclusions - 

4.39 f AULTY EXPERIMENT.. I explain m detail in my first declaration that the weight 
of published scientific experiments indicate that the gene that encodes VEGF2 . 
produces an RNA message substantially bigger than 1.6 Kd, the size reported in 
Example 1. "(See OPR at 4.13.1..) It is not clear to me that Example 1 even contains 
vahd data. 

4.40 WHAT IS THE VEGF2? Even if VEGF2 is active m tumors, Example 1 fails to 
address the question of what VEGF2 molecule we are talking about. The VEGF2 ■ 
taught in the opposed application 'is incomplete, and I have never seen any published 
evidence that the incomplete VEGF2 is expressed and^or secreted in any human cells 
(healthy or cancerous). Dr. Alitalo's two declarations provide experimental evidence 
that VEGF2 as taught in the opposed application is not expressed and secreted by 
cells. Dr. Alitalo's published body, of work relating to VEGF-C indicates that 
molecules very different from VEGF2 (as taught in the opposed apphcation) are 
expressed in vivo, (See, e.g., Documents D71-D74.) Just because something might 
be happening with VEGF2 m tumors does not mean that the incomplete VEGF2 
taught m the patent is involved. To the extent that a VEGF2-like molecule is 
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involved in breast cancer, the molecule might be the 419 amino acid VEGF2 that was 
the subject of HGS's second VEGF2 patent application, or the VEGF-C proteins that 
were the subject of Professor Ahtalo's patent filings. A Nonhem hybridization study, 
even if performed coaectly, would not indicate to a scientist what protein forms are . . 
present. 

4.41 WHAT IS THE ACTIVITY? I shall assume m this paragraph that Dr. Mattick, Dr. 
Gamble, and Dr. Hayward, are correct in concluding from Example I that VEGF2 is 
biologically active in tumors. Unfortunately, a scientist cannot say from a simple- ■ 
Northern hybridization experiment what that activity actually is. A correctly run 
Northern hybridization study tells a scientist whether a particular RNA is present m a 
sample, and possibly how. much of that RNA is present in the sample. Without 
further experimentation, one cannot know whether the tumors arc secreting VEGF2 as 
a growth factor for tumor cells (autocrine growth factor), or secreting VEGF2 to 
inhibit further growth of tumor cells, or secreting VEGF2 to stimulate or inliibit 
growth of some other tissue type, or secreting VEGF2 to kill nearby healthy cells to 
■make room- for tumor growth, or secreting VEGF2 to recmit some other cell type to 
the tumor, or secreting VEGF2 to inliibit immune cells such as tumor infiltrating 
b/mphocytes from- attacking the tumor, or any of a myriad of other activities. The 
scientific reahty is- that a Northern blot smdy provides only indirect evidence that a 
cell might be making a particular protein. It provides no evidence whatsoever as to 
what activity, if any, the protein is having. To paraphrase Dr. Gamble, any 
conclusion about V"EGF2 activity from a Northern hybridization study, represents 
''pure speculation" and ''cannot reasonably be drawn." Thus the example given in the 
application does not support the claimed activity. 

4.42 In remammg paragraphs 4.19-4.24 Dr. Mattick does nothing more than catalogue the 
uses alleged for VEGF2 in the opposed application. In my first declaration I 
explained in detail that there is no sound scientific basis upon which these statements 
. of activity were based or would be trusted by a practitioner m this field (OPRl at 
4.63A and 4.6.5.), and I repeat "those explanations here by reference. As I explain 
above m paragraph 4. 1 3,- repeated here by reference, the cataloging of the activines m 



a declaration does not make them more believable — there i5 still no evidence 
supporting thera. This is precisely the scientific double standard that HGS is asking 
the public to accept in this proceeding. (See-paragraphs 2.2-2.7 above, repeated here 
by reference.) ^ ■ . ■ 

4.43 x\JIvIl Paragraph 4.23 provides- a good example of the double standard: 
''On page 24 (lines 25 to 31) the patent specification 
identifies u^es of tmncated versions of VEGF'2 for 
inactivating . the activity of endogenous VEGF-2. It also 
discloses how such tRincated molecules may be used 
therapeutically as anti-cancer drugs, to prevent 
inflammation or to treat solid tumour growth, diabetic 
retinopathy, psoriasis and rheumatoid arthntis (page 25 
■ , lines 4 to 13)." (AIM 4.23.) 

The opposed application describes no polypeptides that are fragments of the 
approximately 326 ammo acid mature VEGF2, and does not identify any polypeptides 
that were shown or believed to have VEGF2 inhibitory activity. Nor does the 
application provide any evidence that VEGF2 is involved in cancer in any way. Y et 
Dr. Mattick beUeves that the application discloses how truncated VEGF2 molecules 
may be used as anti-cancer drugs. Treatment of cancer continues to be one of the 
most researched and persistent problems of medical science, and has been for ; 
.decades. There is no evidence in the opposed application to support this assertion. In 
my opinion, scientists with ordinary skill and experience, or higher, would not believe 
_.that fragments of a novel polypeptide could be used to treat cancer just because a 



■ In paragraph 4.12 Dr. Mattick references ''VEGF-C fragments" descnbed m 

U.S. Patent No. .6, 130,071 issued to Alitalo et al. These VEGF-C polypeptides were equated 
by Dr.- Mattick with VEGF2 polypeptides, but of course they are not descnbed m the opposed 
application and. they are active polypeptides, not mhibuory ones. 
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patent application says so, when there is no disclosure of the activity of the 
polypeptide and no evidence of involvement of the polypeptides in cancer. 

4.44 Dr. Hay^vard says that it is not reasonable to expect an initial characterizadon.of a 
gene to provide ''a full description, supported by detailed expenmental proof, of every 
property and function that the encoded protem possesses." (ANHl ai 4.8) I agree 
with that position. However, if an inventor is seeking a patent on a gene, an encoded 
protein, a vanety of ''active'' variants of the protein and gene, and a variety of uses of 
the protem and gene and vanants, and other subject matter, then it is appropriate to 
ask the patent apphcant to provide a working method for expressing and secreting the 

. protein, and to- provide evidence of some portion of the properties or funcrions. It is 
not appropriate to av/ard the patent if the patent apphcant has left for the public to 

-determine how to make and how to use the invention. However, that is precisely the 
situation here, where the patent cppHcation has not shown how to express and secrete 
VEGF2 or demonstrated any function for VEGF2. 

, C3. Experimentation Relating to Inhibition of VEGF2 Activity 

4.45 I originally discussed the inadequacies of the opposed application with respect to 
inhibuion of VEGF2 activity in OPRl at 6.6. Generally speaking, Icnowledge of a 
;biological acdvity is a prerequisite to designing ways to inhibit the biological activity. 
Thus, all of the statements in my original declaration relating to biological acdvity, ' 
and air of the additional remarks on that subject above, are relevant to the lack of fair 
basis and lack of sufficiency regarding claims which pertain to inlaibition of VEGF2. 

4.46 . AJMl 4.107 - 4.108. Dr. Mattick's remarks in suppon of inhibition or antagonism of 

VEGF2 are repetitious of his remarks relating to VEGF2 biological acdvity, which I 
discuss extensively above in Section C2 and repeat here by reference. 

C4, Is VEGF2 a Lymphatic Growth Factor? 



4.47 In my first declaration I discuss published evidence (largely from Professor Alitaio's 
group) that 'the pnnciple activity of the real-life protein product of the ^'VEGF2 gene'' in 
healthy mammals appears to be a growth factor for the lymphatic vessels,^ ^ This fact 
appears uncontested in HGS's evidence-in-answer. 

4.48 It IS also uneontroverted that, notwithstanding the numerous activities prophesied for 
VEGF2 in the opposed application, the inventors failed to teach that VEGF2 was a, 
lymphadc growth factor. The. big list of uses and activities that HGS taught, e.g., at 
page 1 6 of its application were simply copied from what other scientists had said 

. about VEGF (See Document D36, U.S. Patent No. 5;2 19,739 beginning at col. 12, 
line 5 orPDGF.) ... 

4.49 Dr. Mattick attempts to dismiss this shortcoming by drawing an analogy between. 
. characteristics of lymphatic vessels and blood vessels, perhaps implying that the 

opposed application was genenc to both when it discusses endotheliahzation. (AJM l 
4.74-4.75) However, he does, not contest that the opposed application is completely 
silent about, lymphatic growth or treatment of lymphatic disorders, and it is clear from 
the context of the alleged VEGF2 uses in the application that they were not 
contemplating uses relating to lymphatics.. Although a bit crude, I v/ould analogize 
Dr. Mattick's obscuring the distinction between blood vessels and lymphatic vessels 
to an auto mechanic obscuring the distinction between an auto's fuel lines and its - 
. cooling system. Both systems involve vessels (hoses) and Uquid flows,. but ordinary 
people in the field appreciate the significant differences in their functions, 

C5. Experimentation Relating to "Examples" 

4.50 La paragraph 4.13.1 of my tirst declaration, I explain that Example 1 of the opposed 

. application has eiTors and inconsistencies', the most seaous of w^hich is. that the results 



I also. explain that the opposed application fails to teach the real-life protein 
product of the VEGF2 gene. [See 0??^l at 4.7.] 
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which were repoiled (VEGF2 mRNA of 1.6 kb/Tvd or 1.3 kb) are discredited' by 
HGS's own subsequent work and work by at least two other independent research 
groups, which teach that the real mRNA is 2.2-2.4 kb m size. Dr. Mattick spends five 
paragraphs attempting to rehabditate Example 1 forHGS (AJMl 4.84-4.88), but he 
does not contest the fact that HGS's expenmental results are just plain wrong. The 
work reported in Example 1 misinformed the pubHc about the identity and the size of 
VEGF2mRNA. 

4.51 In paragraph 4.13.2 - 4,13.3 of my first declaration 1 explain that Example 2 provides 
information of minimal value to understanding VEGF2 (4. 13.2) and that the Example 
IS full of errors and inaccuracies, and is incomplete. (4. 1 3.3) The former is 
uncontested by Dr. Mattick. With respect to the errors, inaccuracies, and 
incompleteness, Dr. Mattick spends three paragraphs basically confirming my 
analysis, admitting that ''there are a number of errors" (4.90); that descnptions are 
"mconsistenf ^ with figures (4.91);. that pnmers are misidentified or not identified at 

. all (4,92); and the like. Dr. Mattick's attempt to rehabihtate the defective Example, 2 
is just another example of the scientific double standard being apphed by HGS 's 
declarants.; ■ 

4.52 Dr. Hay^vvard spends four paragraphs discussing Example 2 of the opposed 
application. (ANHI at 4.26-4.29.) He more or less confirms that Example 2 failed to 
teach the F5 pnmer, and that the F4 primer (part of pnmer pair 2) could not be used to 
make the polypeptide that was allegedly made. (Dr. Hayward^s interpretations of 
these errors v/as that F4 as taught in the Example is really F5, and that F4 is missing.) 
Dr. Hayward declares that he would have been able to carry out expenments similar 
to. those shown in Example 2, but that does not change theplain fact that Example 2 
was'descnbed inadequately and it would have been left to the reader to experiment 
simply to try to repeat the "Examples" in the application. 



C6. Summary Regarding Experimentation 
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4.53 To summarize, a large percentage of the evidence-m-answer is comprised of 

explanaiions of how the declarants, through experimentation, beheve that they could 

have tlgured oat that the opposed apphcation vvas plain wrong in its characterization 

of VEGF2. j\nd, after figunng out that the opposed apphcation was wrong, the 

» 

scientists beheve that they could have perfonned additional experimentation to 
charactenze VEGF2 correctly and then use it for whatever purposes their 
expenmentation revealed VEGF2 could be used for. Thus, the evidence-in-answer 
appears to be advocating the position that HGS should be awarded a patent because 
the patent application, would have created curiosity and enthusiasm to expenment, 
because with substantial expenmentation one. might have discovered the inaccuracies 
in the patent apphcation, discovered. that the invention does not work as described, ■ 
. and discovered alternatives or improvements that might have worked but thai: were 
not taught in the applicadon. The question resolves to one of whether it is fair to 
grant a patent to the person that ^teaches an incomplete and incorrect invention that 
■ others might eventually be able to complete and. use. In my opinion this is not fair." . 
The men ts of the patent application should be judged, on what it teaches, and notdiow 
other scientists feel they could have overcome its substandal shortcomings and errors . 
with experimentation. The fact that such experimentation might have revealed the 
inaccuracies in the opposed application or revealed alternative inventions to the 
invention descnbed therein does not cure the errors or inadequacies of the apphcation. 

D. INAPPROPRIATE USE OF HINDSIGHT TO MISSTATE THE AMOUNT OF 
EXPERJMENTATION THAT WOULD HAVE BEEN NEEDED TO MAKE 
THE INVENTION WORK. 

Dl. Hindsight vYith respect to VEGF2 Expression, 

4.54 ■ I disagree with much of the evidence-in-answer because it is based on hindsight. In 

other words, the HGS declarants .are drawing conclusions based on what is now 
known about VEGF2 and VEGF-C, based on papers and patents that were pubhshed 
after the filing date of the patent application. In this section I explain the hindsight 
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and provide a fairer analysis involving only the common general knowledge in 1994, 
combined widi the teachings m the opposed apphcation. 

■4.55 Dr. Mattick concludes that, even though VEGF2 as taught in the opposed patent 

contains only, about 350 amino acids, "the nucleotide sequence disclosed in Figure 1 
may also be read to encode an additional 23 amino acids." (AJTVIl at 3.22 and 4.7.) 
Dr. Hay^^vard drew a similar conclusion. (ANHl at 3.14 and 4. IS.) Aslexplam 
below, Dr. Mattick's and Dr. Hayward's conclusion is contrary to the plain teachings 
■ of the opposed application. However, it- is easy to see how they would have reached 
this conclusion when one considers documents published after the opposed 
application, which taught that VEGF2 includes additional amino acids. That is why- 
their analysis is based on hindsight. ■ ■ ' 

4.55.1 Figure 1 of the opposed p.pplication, to which Dr. Mattick and Dr. Hayward 
refer, depicts a DNA sequence and a deduced VEGF2 protein sequence. The 
opposed application explains Figure 1 as follows: 'Tig. 1 depicts the 
polynucleotide sequence which encodes for VEGF2, and the corresponding 
deduced ammo acid sequence of the full length \'EGF2 polypeptide 
comprising 350 amino acid residues of which approximately the first 24 
amino acids represent the leader.'' (Opposed Apphcation at p. 4, hnes 28-32.) 
There is no ambiguity in the opposed application as to the length. of full 
length VEGF2 or the location of the methionine ammo acid at which full . 
lencrth VEGF2 begins, ^" And there is a clear statement idendfving the 



The opposed application explicitly teaches that the. methionine codon at the 
beginning of the VEGF2 protein-encoding sequence is at approximately positions 7-1-73 of 
the DNA sequence m Figure l. The relationship between a polypeptide and the DNA coding 
sequence encoding it is a relationship of tn-nucleotide codons: each amino acid is- encoded by 
three nucleotide "codon" units. The DNA strands (chromosomes) that characterize the 
human genome each compnse hundreds or thousands of protein coding sequences, generally 
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inventor's belief in the division between the 24 amino acid signal peptide and 
the "mature" VEGF2 of 326' ammo acids. ' ^ 

.4.55.2 As I explained in my first declaration, multiple groups, includmg the very 
inventors of the opposed application, later refuted the nodon that the protein 
encoded by the VEGF2 gene is only about 350 amino acids. It'is, in fact, 
about 419 ammo acids, but the opposed apphcation. failed to teach about 69 
amino acids at the beginning of the protem. [iS^^^ OPRl at 4.11.1-4.11.3 
(citing Documents D43, D44-46, D84-86 of HGS; D75 and 084 of 
Genentech; and D71'D74 of University of Helsinki.)] ^"^ 

4.55.3 Thus, it is easy to understand how Dr. Mattick or Dr. Hayward could have 
used hindsight to conclude that the Figure 1 sequence might actually encode 
more .than 350 ammo acids, because numerous publications from about 1996- 
2001 reported this. But the conclusion is clearly biased on what is now known 
in year 2001, and contrary to the plain .teachings of the opposed application. 

4.56 Dr. Mattick compounds this hindsight by opmmg that he would have learned from the 
patent apphcation to express VEGF2 with these extra 23 amino acids: 
Taking into account the existence of the additional 23 
amino acids at the N-terminal end of the VEGF-2 
sequence disclosed in the patent specification, I would 
also have stitched a signal secretion sequence to the 



separated by stretches of non-coding sequences. Each protem coding sequence begins with . 
the codon ATG, which encodes, methiomne. 

^^Interestingly, the 373 amino acid VEGF2, which has no basis in the application,- also 
has no apparent sigmficance in human biology. The HGS declarants have acknowledged that 
the full length VEGF2 (with signal sequence) is actually 419 amino acids. The Ahtalo 
research group has shown that the 373 amino acid molecule is vastly different than the forms 
of protein secreted by human cells. . 
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begirjiing of the cDNA disclosed in the patent 
specification, as is taught in the patent specification. I ' 
note that such an expenment was done and is described 
in Austrahan Patent AppHcation 60467/96 (714,484) 
(HGS' second VEGF-2 patent apphcation) and the 
resultant product from those experiments is reported to 
be biologically active (see page 42, line 32 to page 43 
line 25 and Figures 8 and 9 - HGS' second VEGF-2 
patent apphcation), (AJMl 4.8) 

4.57 The hindsight knowledge of the "additional 23 amino acids'' that are not- taught in the 
application is compounded here by a hindsight knowledge gained from HGS's second 
VEGF2 apphcation to attach a signal peptide to the beginning of the additional 23 
amino acids. To the extent the opposed apphcation suggests .attaching a foreign 
signal peptide to a VEGF2 sequence, the suggestion would have been to attach it to 

. "mature VEGF2" which compnsed only about 326 amino acids (see opposed 
■ application at pp. 4-7). It would have been highly irregular to attempt to attach a 
signal peptide-encoding 'sequence to what was taught to be 69 nucleotides of 
noneoding sequence, because signal sequences are not ordmanly used to drive 
expression of noneoding sequences. This is especially true when the patent 
apphcation taught that a tme signal sequence immediately followed the 69 nucleotides 
of noneoding sequence. (Polypeptides don't need two signal peptides forexpression 
and secretion.) 

4.58 Dr. Mattick devotes three pages to explaining how he would have expressed VEGF2 
using ''routine trial and expenmentation." However, Dr. Mattick has' used hindsight 
in his explanation because his e^cplanation begins from the following assumiption: . 

''Had I attempted to express the VEGF-2 protein using ' 
the putative secretion signal sequence identified in the 
■patent specification and had that not worked . . . 
(AJMl 4.5.) 
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4.59 Dr. Hayward begins his analysis from a similar vantage point. (See .^NTHl at 3.17.) 
The HGS declarants start here because, with hindsight, knowledge, they know that the 

. signal sequence taught in the opposed apphcation does not work. Hovvever, at the 
time the patent application was tiled, scientists with ordinary knowledge presumably 
would not have knov/n that the signal sequence taught in the application would not 
work. Such scientists would have read the teachings in the apphcation concerning the 
sequence listing, tned' to express the polypepdde according to the apphcation, and 
failed. Then, the person might have repeated his experiment and modified any of a 
number of parameters (cell type, expression vector, promoter, growth conditions, and 
so on) to try to discover why things did not work. Extensive experimentation might 
have been necessary .before arriving at the true source of the problem and solution. 

4.60 ■ A similar analysis applies to the manner that most of the other HGS declarants say 

that they would have .successfully expressed and secreted a VEGF2 polypepdde. At. 

■ least Drs. Gamble, Dr. Havvvard, and Dr. Rapoport say. that, even though the VEGF2 
taught in the patent apphcation is incomplete and the portion of the sequence 
described as the signal is incorrect, they would have expected to be able to 
successfully express and secrete VEGF2 by attaching a heterologous (foreign) signal ■ 
sequence to the 350 amino acids of VEGF2 that were taught in the patent application. 
(SeeAJGl at6.5; ANHl at 3.20-3.22; ATRl at 13.) Dr. Power reported that she 
performed such. an experiment- (ASP I), and Dr. Aaronson spoke approvingly of that 

. expenment. (See, e.g., ASAl at 15-22). ' ' " . 

4/61 The notion of expressing the 350 ammo acid VEGF2 taught in the opposed 

application with a heterologous (foreign) signal peptide may be an interesting 
scientirlc curiosity, but rt has nothing to do with the teachings in the opposed patent 
application. The opposed application teaches the reader that the V'EGF2 of about 350 
amino acids already consists of a leader sequence (i.e., a signal sequence) 
representing the first approximately 24 ammo acids, and a mature protein of 326 
amino acids. (See, e.g., page 5 of opposed apphcation.) Scientists in 1994 or today 
would not have had any reason to express a protein that already contained a signal 
sequence using a method that involved attaching a heterologous..(foreign) signal 
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sequence (e.g.. Dr. Power's Ig Kappa signal sequence) to the beginning of the natural 
signal sequence. Such an experiment is not a replication of any example m the 
opposed application or a reasonable extension of any of its teachings. The 
instructions that HGS gave to Dr. Power for her expenments were not to replicate the 
teachings of the opposed application. (See ASP l at 2,) One might infer that KGS 
gave these instructions because they new that the invention taught in the patent 
■ apphcation does not work the way that they said it would. (Dr, xMitalo's first 
declaration (0IC\1) showed this.) And the suggestion by the HGS declarants that 
they would haveddentified the cause of the failure without extensive experimentation 
is based on the hindsight knowledge of what they now believe will work. 

4".,62 The only sm^estion to perform the- expenm^ent of attaching a heterologous (foreign) 
signal sequence to the 350 ammo acid VEGF2 comes from scientific and patent. , 
literature regarding VEGF-C or yEGF2 that was published after the filing date of the 
opposed application. When one reads that hterature, one learns that the gene in 
acruahty has 419 codons, and that the 350 codon sequence was incomplete and lacked 
a signal peptide. '(5ee OPRl at, e.g., 1.5.1.1 and 4TT-4.1 1 .1 :3; ATRl at 8.) One also 
learns (from the VEGF-C Uterature) which fonns of the molecule have biological 
functions, such as stimulation of the hmiphatic system. Even if the experiments 
involving a heterologous sequence in combination with 350 amino acid VEGF2 work, 
the results should not be credited to the opposed-application, but rather, to the 
ingenuity of others who determined that VEGF2 does not work in the manner 
described in the opposed application, but works in a totally different manner. 

4.63 Dr. Rapoport's analysis of the signal peptide issue also suffers from hindsight. For 

example. Dr. Rapoport declares that it was known that signal sequences located at the 
N-terminus of proteins "were required to directed secreted proteins outside of the 
cell." ( ATRl at 4-5). He says that researchers were able to characterize such 
sequences by inspection or v/ith sofcware. (ATRl at 5-6). Dr. Rapoport says that he 
fails to obsei-ve a typical conserved motif of a signal sequence in the'350 ammo acid 
VEGF2 taught in the opposed apphcation. (ATRl at 10,) Given what he says about 
si.giial sequences in paragraphs 4-6, one might have expected Dr. Rapoport to 
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conclude that VEGF2 was not secreted at all. (That would have been a logical 
inference to make about a protein that does not appear to have a signal sequence.) 

4.64 histead. Dr. Rapoport says that there was "strong evidence" that the 350 amino acid 
VEGF2 was a secreted protein- "based on the teaching and recognition of the HGS 
specification that it is a member of a family of secreted growth factors/' (ATRl at 10 
and?,) 

4.65 However, the "strong evidence" upon which Dr. Rapoport relies does not withstand 
scrutiny. The only "evidence" is the recognition that VEGF2 exhibited 22-30% 
identity with VEGF and the PDGF proteins. (ATRl at 7, 9.) I explained in detail m 
my first declaration that this low level of sequence identity does not permit reliable 
prediction of structure or function. (See OPRl at 4.63-4.65.) That portion of my first 
declaration. was not contested- by any HGS declarant. There are many examples in the 
literature of proteins with significantly greater structural similarity, but divergent 
function. In fact, the examples in my first declaration demonstrate that 22-30%- 
sequence similanly is not even sufficient .to be sure that two proteins are both growth 
factors, or are both secreted from cells. Here are two more examples directly relevant 
to the field of blood vessel growth: 

4.65.1 The angiopoietins comprise a ''family" of proteins believed to modulate 
endothelial cell grov/th in humans. Although angiopoietins share amino acid 
identity of, e^g., about 40-70%, some family members appear to stimulate 
receptors involved in endothelial cell growth, whereas others appear to 
antagonize (block) them. Thus, angiopoietins share greater sequence similarity 
with each other than VEGF2 shares with VEGF, but angiopoietins can have 
direcrly opposing activities towards each other, with some being growth ■ 
factors and others being .growth factor antagonists. 

4.65.2 The fibroblast growth factors (FGF's) comprise another "family" of growth 
factors. Some, but not all, members of this family have signal peptides for 
directing secretion of the protein from cells. The FGF's demonstrate that not 
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all proteins m a pardcular protein /'family" can be expected to have a 
traditional signal sequence. 

4.66 In fact, even if there were sufficient evidence in the opposed application to conclude 
that VEGF2 were a growth factor, it is untrue that all growth factors are secreted. The 
ephnns represent yet another "family" of proteins, that like VEGF, have menabers that 
appear to play a role in vascular development and interact with their own receptor 
t)/rosine kinases (known as the Eph receptors). All known eplirins are tethered 
naturally to the cells in which they are expressed, and must normally remain attached 
to the cell membrane to activate their receptors or other cells. Eplirins B1-B3 all have 
transmembrane and cytoplasmic domains that locahze in the cell's mem^brane and 
cytoplasm (interior), respectively. 

4.67 The foregoing examples and the .uncontested examples from my first declaration 
demonstrate that Dr. Rapoport had no "strong evidence" upon which he could base 
his conclusions, except for hindsight knowledge gained from the reported work of 
HGS's competitors- 

4. 68 hi my opinion, the only true motivation for the research that Dr. Rapoport describes 
involving foreign signal peptides attached to 350 amino acid VEGF2 comes from 
Icnowledge of the 419 amino acid VEGF2 (ATRl at 8) and published information 
about VEGF-C (x\TRl at 13-17.) The allegations about what he would have 
recognized, predicted, and/or expected based solely on the application do not 
withstand scrutiny. 

D2. Hindsight vvith respect to VEGF2 biological activit}^ 

4.69 I discuss Dr. Mattick's and Dr. Gamble's hindsight with respect to VEGF2 biological 
activity above in paragraphs 4.27-4,40 wliich I repeat here by reference. 

4.70 Dr. Hayward also exercises hindsight in. his discussions of VEGF2 biological activity. 
(See, e.g., A.^fH.1 at 3.6; 3.27-3.36.) He explams that he understands VEGF2 activity 
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to mean, one select list of functions that are reciied m the opposed appHcation (such as 
angiogenesis or promoting endothehaiisation or wound heahng) but fails to list other 
flinctions, such as growth of damaged bone, penodontium, or ligament tissue as stated 
at page 17 of the opposed application. (See, e.g., ANHl at 3.6; 3.28.) 

4.71 Dr. Hayward also exercises hindsight by declaring that one of ordinary sldll would 
have considered whether VEGF2 bound to Fltl, Flkl, and Flt4. (See .\NH1 at 3.30.- 
,3.35.) Receptor tyrosine kinases '(RTK's) ser/e as receptors for a large number of 
molecules, including the PDGF's. My current scientific work includes RTK and RTK 
inhibitor research, and in my estimation the human genome contains perhaps 500 to 
1000 different RTK's (only a small fraction . of which would have been characterized 
in 1994). The suggestion that, a person would have focused on only those tliree 
receptors (FItl, Flkl, and Flt4) is based on hindsight knowledge that fully processed 
VEGF-C was shown by Alitalo et al. to bind to two of them. The idea to screen Flt4 . 
or other partioular receptors is. not found in the application. 

E. CLAIMS WHICH RECITE PARTICUL.AR SUBSETS OF THE VEGF2 

SEQUENCE LACK FAIR BASIS AND LACK SUFFICIENCY. REPLY TO 
AJMl 4,96-4,102 AND AJG 6.8.1-6.8.2. 

4.72 In paragraph 5.8.1 - 5.S.6 of my declaration ! explained that the opposed application 
as wntten provided no indication that the applicants intended to claim the particular 
sequences of claims 11-12, 32-35, and 40-41, and that the only mention of these 
portions of VEGF2 were not as peptides, but rather, were as observations that they 
represented portions sharing conserved moufs v/iih the prior an. Dr. Mattick gleans 

■ such an intention from identification of the conser/ed motifs at page 5 and Figure 2, 
. m combination with the teaching at page 9 about ''fra.gments of VEGF-2." I am not 
persuaded by this analysis. 

4.73 .When I read the discussion of page 9 concerning fragments, I see no mention 

. whatsoever of consen-ed motifs or of the alleged "signature" sequence. When I read 
page 5 and Figure 2, i see a discussion of the. signature motits but no mention of 
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VEGF2 fragments' of the invention, I only, see an observation that VEGF2 shares two 
attributes with VEGF and PDGF, and neither aitnbute is actually a VEGF2' 
/'fragment/'''^ Nowhere in the application is the '''signature -for the PDGF/VEGF 
family" stated to represent a ''VEGF2 fragment'' of the invention. 

4.74 Dr. Mattick apparently does not dispute my conclusion that claim 31 is entirely 
unsupported in the application, (See OPRl at 5.8.7), or my observations in paragraph 
5,8-9 regarding failure to adequately teach VEGF2 ''activity" information about these 
peptides, even if they were adequately descibed. 

4.75 In paragraph 6.8-1 - 6.8.2 Dr. Gamble summanly states that she beheves that the 
patent specification provides ''a range of different length VEGF-2 polypeptides." as 
well as the DNAs encoding them. For reasons explained in my first declaration and 
in the preceding paragraphs, I disagree. 

F. LACK OF FAIR BASIS OR SUFFICIENCY FOR VEGFZ MRlNA. 

4.76 In AJMl 4.103 - 4.104, Dr. Mattick responds to my criticism in OPR, 5.8.10 that the 
opposed application lacks support for VEGF2 mRNA because the alleged mRNA in 
the opposed application is clearly misidentitled. Dr. Mattick' cites Example 1 as . 

■ providing support for VEGF2.nxElNA. Dn Hayward provides analysis of Example 1 
at ANHl paragraphs 4.21-4.24.' . 

4.77 ■ I am unpersuaded by Dr. Mattick' s and Dr. Hayward's analysis: I note apologetically 

that OPR 5.8.10 should have referred, to Example 1 in the opposed application, rather 
than Example 2.. A review of Example 1 proves my onginal point. In paragraph . 
4.13.1' of my first declaration, I explained that Example 1 of the opposed application 



What I mean by this is that the first attribute - eight conser/ed cysteines - are 
scattered tluoughout the VEGF2 sequence, not a fragment of it. The second attnbute is a 

':ienenc chemical foimula PXCVXXXRCXGCCN, not a VEGF2 fragment. 
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has errors and inconsistencies, the most serious of which is that the results which were 
reported (VEGF2 niRN'A of 1 .6 kb/kd or 1 .3 kb) are discredited by HGSs own 
siibseqitent work and work by at least two other independent research groups^ which 
teach that the real mPJ^Ix\ is 2.2-2.4 kb in size. Dr. Mattick relies on Example 1 and 
spends many paragraphs attempting to rehabilitate Example 1 for HGS (AJK41 4.84- - 
4.88, 4.104), but he does not contest the fact that HGS's expenmental results are just 
plain wrong.'. The work reported in Example 1 misinformed the public about the 
identity and the size of VEGF2 mRNA. 

4v7S Dr. Hayward also does not contest that the 1.6 kb/Tcd result reported in Example 1 and 
rehed upon by the HGS declarants in vanous aspects of their declaration is wrong, 
and discredited by subsequent experiments. However; Dr. Hay^^ard attempts to 
rehabilitate Example 1 by interpreting a different experimental result, namely Figure - 
5 . Dr. Hayward says that he would judge Figure 5 as showing a band of about 2.4/2.3 
kb and a band. of 1.6' to L.8 kb and that "at least the major band is reasonably 
consistent with subsequent results." (.Af^ffi 14.24). 

4.79 Whatever meaning Dr. Hayward can now discern from Figure 5 does not change the 
fact that HGS attnbuted no significance to Figure 5 whatsoever when it wrote the 
opposed application. Nor does his interpretation change the fact that the, resuU upon 
which the inventors told thepublic to focus, 1.6 kb/kD, is now discredited. 

4.80 Moreover, it's not clear to me that Dr. Hayward's interpretation of Figure 5 is even 
reliable. He admiis that there is at least one mislabeled band (ANHl at 4.24-4.25) 
and it^appears' to me that there may be more than one mislabeled band. .There is no 
basis in the application to determine which of the band inconsistencies in Figure 5 are 
right or wrong (or whether all are wrong), 

C. THE PATENT APPLICATION MIS-TAUGHT VEGFI PROTEOLYTIC 
PROCESSING. 
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4.81 ■ Dr. Gamble "devotes several pages of her declaration discussing knowledge of pnor art 
growth factors PDGFs, VEGF, and PIGF, including discussion of proteolytic 
processing of these proteins. (See AJGl 5. 1-5.13.) Her apparent reason for the ^ 
lensthy discussion of the prior art is an attempt to rehabilitate the teachings of the 
opposed application relating to VEGF2. (See AJGl 6.1 - 6.5; 7.23-7.24.) Dr. 
Rapoport's declaration also rehes heavily on analogy to VEGF and PDGFs processing 
for his declaration. {See, e.g., ATRl at 7, 9, and 1 1 .) 

- r 

4.S2 First, it is important to remember that the opposed application taught an incomplete 
VEGF2 sequence, missing about 69 codons/ amino acids. At least three of HGS'S' 
declarants have admitted this important omission -from the patent application. (See 
paragraphs 4.3-4.3.4 above, repeated by reference.) 

4.83 When assessing the sufficiency of the opposed apphcation, it is also important to bear 
m mmd its actual teachings. The opposed apphcation taught the inventors', best 
prediction at the time regarding proteolytic processing (i.e., signal peptide of 24 
amino acids, mature protein of 326 amino acids), which was plam'wrong. Dr. 
Alitalo's two declarations contlrm that cells cannot express and secrete VEGF2 taught 
in the patent apphcation. (See Dr. Alitalo's declarations, 0K.A1 and OYLM.) 

4.84 Knowledge of the proteolytic processing of prior art proteins/discussed extensively 
by many of the HGS declarants, does not support patentability. If anything, it negates 
It. The HGS inventors used loiowledge of prior art proteins (e.g., VEGF) to predict 
the signal peptide and mature portions of VEGF2 m their patent application, which is . 
essenually what the HGS declarants say that they would have done. (See AJGl 6.5: 
'Thus, I would predict that VEGF-2 would be expressed in a similar way." See also 
AJGl 6.10-6.11; .-^NHl at 3 .15; ATRl at 11: T would predict VEGF-2 to be 
expressed m a similar way [as the PDGFA/TGF family of growth factors'.") HQS 
was plain wrong in the opposed application, and HGS's declarants likewise would 
have been wrong in their prediction. The processing taught by the opposed ^ 
application (simple removal of a signal peptide at position 1-24) does not occur. (See 

-OBlAl andOKA2.) 
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4.85 Moreover, the full length 419 ammo acid protein (VEGF-C). is processed in a manner 
Linexpectediy different and more complevX, compared to simple removal of a signal 
peptide.. (SeeOPRI .at,4.11.L3 and Documents D70, D71, D73, and D74 cited 
therein.) Therefore, I must disagree with Dr. Gam.ble's suggestion that "VEGF-2 is 
no different in that it contains a signal or leader sequence/' (See AJGl at 6.4; see also 
AJGl at 6.3 j The processing of the full length VEGF-C protein is substantially 
different. Even when HGS discovered the 419 amino acid VEGF2 sequence, and filed 
its second patent application, they still badly mis-predicted the. manner in which the 
protein is processed. 

4.86 Thus; the- only relevant portion of Dr. Gamble's declaration or the other declarations 
relating to proteolytic processing is her admission that the opposed application was 
mcomplete. She plainly agrees that the VEGF2 signal/leader sequence "is located 
among the 69 ammo acids that >Yere not disclosed in the patent specification." 
(AJGl 6.4 (emphasis added).) - 

4.87. In paragraph 7.24, Dr. Gamble declared as follows: 

L was aware that all members of the PDGFA^EGF family 
.(Icnown in March 1994) underwent some proteolytic processing 
w:hen produced from a cell. Thus, had I been asked to examine 
VEGF-2 in March 1994 I would have expected that VEGF-2 
may also naturally undergo some proteolytic processing when 
released from a cell. This process occurs naturally during 
. secretion, controlled by cellular enzymes. Consequently, if a 



■ In us second generation VEGF2 patent appUcations, Human Genome Sciences 
taught' that 419 residue VEGF2 has putative leader sequence of approximately 23 residues 
such'that the mature protein comprises 396 amino acids (See Document: D43 and D44 at p. 
7, last paragraph). In fact, the leader is 3'1 amino acids, andthe mature -pro tern is much 
smaller due additional proieolytic processing. See Document D71 , 
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. researcher were able to produce VEGF-2 and secrete it from a 
G^U I believe a reasonable expectation would be thai processing 
would take place. Therefore, in my opinion, the patent 
. " specification fully enables one to express and secrete a 
biologically active protein that has been correctly processed. 

4.88 Dr. Gamble's qualifier ^'if a researcher were able to produce VEGF2 and secrete it 
from a cell" cannot be overemphasized, because Dr. Alitalo has shown that VEGF2 as 
taught -m the patent appUcation is not^ expressed and secreted. Her statements about 
''reasonable expectation" are really ''pure speculation and cannot reasonably be 
drawn" ■ (see AJGl 7.52.) . ' - 

H. THE FACT THAT HGS^s DECLARANTS WOULD HAVE MADE THE SAME 
MISTAKES AS THE HGS INyEiNTORS DOES NOT REHABILITATE THE 
OPPOSED APPLICATION 

4.89 Dr. Aaronson briefly explains, that, had he been presented with- a novel 350 amjno 
acid VEGF2 sequence in March 1994, he would have (a) predicted that it was 
proteolytically processed; and (b) predicted that it was biologically active. (See ASAl 
at -5 - 6.) Dr. Gamble makes similar predictions. (See AJGl at 6.5.) In my opinion, 
v/hat should matter is whether or not the application is correct, and not whether Dr. 
Aaronson or anyone else would have made favorable or unfavorable "predicdons." 

4.90 ■ Processing : As I discuss m detail in the preceding section, the HGS scientists also 

predicted^proteolytic processing in a manner analogous to VEGF. {See paragraphs 
4.71-4.75.) The important point is that they were wrong, and what they taught the 
public m the opposed apphcation was wrong. First, the VEGF2 was incomplete, and 
is not processed by cells in the way that Dr. Aaronson or the HGS inventors predicted.. 
Second, even when the full 419 amino acid. VEGF2 was discovered by the HGS 
inventors much later, they still predicted wrong. Dr. Ahtalo's science has shown that 
the proteolytic processing of VEGF-C is much more comphcated than the proteolytic 
processing that occurs with VEGF. See Docment D71. 
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4.91 Activity : There is still no evidence in the patent application or the ensuing literature 
of the next seven years that has been made of record in this proceeding that the 
VEGF2 taught in the opposed appLicaiion is ''biologically active." HGS's declarants 
beheve that the- requisite testing for activity would have been "routine" (see, e.g., 
ANHl at 4,7), but HGS has only reported activity data for molecules. that were taught 
in its second generation apphcation or molecules taught by other research groups 
(e.g., Alitalo et ah for VEGF-C) that differ from VEGF2 of the opposed application. 

I. THE EVIDENCE OFFERED BY HQS IN SUPPORT OF THE OPPOSED 

APPLICATION RELATES TO A DIFFERENT INVENTION THAN THE ONE 
TAUGHT IN THE APPLICATION. 

4.92 hi this section I explain that the important data and opinions offered by HGS in its 
evidence in answer does not,actuaIly relate to the invenhon of the opposed 

. apphcation. Rather, it relates to subsequent inventions. 

4.93 The teachings in the opposed apphcation concerning full length and mature VEGF2 
are unequivocal: 'The polynucleotide of tiie invention . . . contains an open reading 
from encoding a protein of about 350 ammo acid residues of which approximately' the 
first 24 amino acid residues are likely to be leader sequence such that the mature 
protein compnses 326 ammo acids . . . 

4.94 Notwithstanding these clear teachings, HGS has devoted a vast portion of its 

- declaration evidence arguing about the.ments of totally different VEGF2 proteins that 
were not taught m the application. ' . ' 

4.95 For example, HGS asked Dn Power to treat the 350 amino acid VEGF2 as "mature 
VEGF2" and try to express it by attaching a different signal sequence to it: "The 
Patent Attorneys for Human Genome Sciences (HGS) requested that I perform the 
following experiments in order to determine whether tlie 350 amino acid form of 
VEGF-2 (con-esponding to residues- 70 to a 19 of the ^19 ammo acid form of VEGF- 
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2) fused in fi-ame with a heterologous signal sequence would result in the expression 
and secretion of the protein from eukaryotic cells/' (ASPl at 2.) 

4.96 Dr. Aaronson cited Dr, Powers work expressing a 350 amino acid VEGF2 with a 
different signal sequence with approval. (See ASAl at 15 - 22,)^^ Dr. Gamble 
endorsed the same approach for "attempting to express" the VEGF2 sequence which 
she noted, with hindsight, was missing the real VEGF2 signal sequence. (AJGl 6.4- 
6.5.) , . ; 

4.97 Dr. Mattick was even more creative in- declaring that he would have been motivated to 
express a 373 ammo acid yEGF2 with a different signal peptide. (See discussion 
herein at paragraphs 4.19-4.20.) Dr. Hayward came down somxewhere in between, . 
because he agreed with Dr. Mattick that he could find 373 ammo acids supported in 
the application, but he then discusses how he might have attempted to express the 350 
amino.acidVEGF2. (ANHl 3,13-3.26) 

4.98 These hypothetical expenments (real experiments in the case of Dr. Power) may be 
interesting to consider, but they have nothing to do vvith what the opposed application 
taught the public, because it taught the public that mature VEGF2 was 326 amino 
acids: ■ , 

4.99 One explanation given by the HGS experts for their creative approaches was that the 
opposed application taught tliat one could express VEGF2 using a heterologous leader . 
sequence. See ASAl at 16; AJMl at 4.9. However, a scientist of oridnary skill who 
desires to express a secreted protein using a heterologous leader sequence will use the 
heterologous leader to replace the. native leader sequence. (For example, replace 
ammo acids 1-24 of VEGF2 with a heterologous leader sequence, attached to . 



Dr. Aaronson declared that Dr. Power succeeded in producing ''a biologically 
active" protein. (See ASAl 17.) I. dispute this characterization. Dr. Power did not report any 
activity assay data m her declaration. She repoiied only an expression study. 
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positions 25-350.) There is nothing in the opposed application teaching that one 
should substitute a heterologous leader to the" 3 50 ammo acid VEGF2. 

4.1 00 The mference that could be drawn from all of this is that neither HGS (who designed 
Dr. Power's experiments) nor its declarants believe m the 326 ammo acid mature 
VEGF2 taught by the opposed application. 

4.101 Dr. Hayward declares that.iie is aware that VEGF2 is proteo lyrically processed upon 
secretion "from cells in vivo to form the naturally occurring hgand for the Flt4 and 
KDMk-1 receptors." (ANHl at 3.22. See also ANHl at 3.30- 3.35.) He is 
mistaken. As I explain m my ongmal declaration (OPRl at 2.7.18) and again above 

■ (e.g.. Paragraph 2. 1 5), fully processed VEGF-C, invented and patented by Alitalo et 
al. {see, e.g.,\J,S. Patent Nos. 6,221,839 and 6,245,530, Exhibit PAWR-13 and 
Exhibit PAWR-14, respectively), is a Hgand for Flt4. and KDR/Flk-l. The 350 
ammo acid VEGF2 as taught in the ongmal application was not taught to be a Ugand 
for any receptor; camiot be expressed and secreted by cells, and has never been 
reported in the literaUire to be a hgand for these receptors. 

4. 102 Dr. Hayward also declares.that VEGF-2 "of course" functions as a growth factor. 
This, too, has never been established. The VEGF-C forms invented by Professor 
Alitalo's eroup have been reported to have certain gTOwth factor activities, and the 
HGS 11 application alleges that some unidentified form of VEGF2 may have exhibited 
some growth factor activity in some experiments. However, the VEGF-C 
polypeptides of Ahtalo and the 419 ammo acid VEGF2 from the HGS II application 
\are not the teachings of the opposed application. 

4.103 Dr. Hayward also declares, "page 4 lines 12 to 14 of the patent specification states 
. that the VEGF-2 polypeptides of the invention may be used to Isolate receptors of 

VEGF-2. At page 24 fifth paragraph to page 25 first paragraph the patent 
specification discloses that VEGF-2 binds to tyrosine kinase receptors on the surface 
oftarget cells to activate endothehal cell gi-ov/th." (ANHl at 3.30.) This statement 
falsely attributes die teachings of Alitalo ei al. tc the inventors of the opposed. 
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application. The opposed appiication contains no teaching whatsoever of the identity 
of VEGF2 receptors, but only speculation that there are such receptors. More than a 
year later,, when HGS filed its second senes of applications on the 419-amino acid 
VEGF2, HGS still had failed to repon the identity of any VEGF2 receptor. (See 
Documents D44-D46.) 

J. MISCELLANEOUS SPECIFIC COMMENTS TO EVIDENCE-IN-ANSWER. 

4. 104 In this section I try to address any remaining parts of the HGS declarations that appear 
■ to relate to issuer of fair -basis and sufilciency. 

JI. AJTVIl 4,61-4,68 

4.1 05 In.paragraphs 4.61-4.68 Dn Mattick spends about two pages attempting to rebut my 
explanation that the opposed appHcation fails to teach or exemphfy any active 

' fragments, analogs, or derivatives of VEGF-2, or any such fragments, analogs, or 
derivatives with i>//H*6ac)r>^ activity. 

4.106 Dr.' Mattick first cites to Example ,2 as allegedly descnbing "a fragment." - (AJiVll 

. 4.63) Even if one fragment is descnbed there, the application provides no evidence or 
indication that.it is "active" or is an "inhibitor". Moreover, as I explain m my first 
declaration, the descnption of this example is defective. (See OPRl at 2:7.20 and 
6.6.) . " ; - 

4.107 He also cites an excerpt from page 5 of the opposed application. (AJMl 4.63.) As I 
explain in my first declaration, this excerpt is notliing more than the inventors 
attempting to charactenze features of the complete VEGF2 molecule - there is no 
teachmg there of fragments. (OPRl at 3.4.2.) Moreover, even if these were 
frasjnents. there is again no teaching or evidence of activity or inhibitory properties. 

4.108 Dr. Mattick then launches into a discussion of the expenmentation that he could have 
done to make fragments and then test them for activity or inhibitory properties. This 
discussion of v/frac Dr. Mattick might have been able to do ^'to identify"' such 



molecules only proves my onginal point that the application itself fails to teach them. 
His explanation of a research plan for amving at active fragments, analogs, or 
derivatives, or inlubitory ones, would be unnecessary if the apphcation had described 
any active fragments to which he could refer:. 

J2. AJMl 4.81-4.83 

4 109 hi paraaraphs 4.10-4. 10.6 of my first declaration I explained that claims in the 

opposed application defining polypeptides by the ability of antibodies to bind VEGF2 
lack any basis in the application. For example, I explained that the application gives 
no indication that the appUcants even intended to define an invendon m this manner. 
(OPRl 4.10.1) Dr. Mattick says he disagrees, but for support, he says that ceilam 
pages of the apphcation "provide a vanety of suggested uses for which the defined 
.fragments may be used.'^ (AJlVIl 4.8 1) Dr: Mattick also urges that he could have . 
made antibodies tothe VEGF2 taught m the opposed application. (AJMl 4.82-4.83) 
He misses the point. Irrespective of whether there would be a use for the 
polypeptides, the application itself is not directed to such polypeptides. Rather, they 
appear to be afterthoughts, added to the apphcation in an attempt to cover subject 
matter invented after the opposed application was filed, such as "full length" VEGF2 
on which HGS filed a second application much later, and biologicahy active VEGF-C 
poKpeptides that were invented by other scientists.. (See OPRl at 4.10-4.10.6.) 

J3. , AJGl 6.1-6.2 • 

4.1 10 Dr. Gamble credits HGS with succeeding in identifying a VEGF2 gene and 
polvpeptide sequence. (AJGl 6.1) This is inaccurate, m that the proposed application 

. taught an incomplete sequence that cannot be expressed and secreted. When HGS feh 
' ' that diey had identified the complete VEGF2 gene, they filed a second senes of 
VEGF2 patent applicahons. See discussion in OPRl at 1.5.1-1.5.1. 2 and Documents 
D44-D46. - : ■ ■ 

4.111 Dr. Gamble says that she was aware that the cysteine residues enable the - 
PDGF/VEGF family of proteins to form diniers. (AJGl 6.2} The published evidence 



that I have seen suggests that fully processed VEGF-C is different from other 
members of the family m that cysteines are not involved in formmg eysteme-iinked 
dmiers. (See Document D71 at p, 3907.) 

, J4. AJGl 7.15 

4. 1 12. Dr. Gamble alleges that^The patent specification clearly identifies that VEGF'2 has 
angiogenic activities, and describes m vitro angiogenic assays of VEGF-2, which 
could be routinely used." I disagree. There is no descripdon of in vitro angiogenic 
assays m the patent appUcation, And, to the extent the patent specification "clearly 
identifies" angiogenic acrivities, it is only by assertion, unsupported by evidence. In 

■ this manner, the patent application also- "clearly identifies" many other ''activides" 
such as ''to- induce the growth of damaged bone, periodontium, or ligament tissues" or 
to promote the formadon of cemenmm with collagen fiber ingrowths. (See opposed 
apphcation at p. 17.) 

J5. ANHl 3,4 

4. 11 3 Dr. Hayward declared that ''the term VEGF-2 conveys to me the idea of not just the 
. sequences presented in the patent specification, but a family of related sequences. 

Once a protein has been identified any given sequence can be tested to determine 
whether any amino acid changes affect the structural and or functional charactenstics 
of that protein." Assuming Dr. Hay\vard's statements are true in a general sense, they 
do not apply to VEGF2 taught m the opposed patent apphcation. One cannot test-to 
determine whether amino acid changes affect the structural or funcdonal 
characteristics of VEGF2 taught in the patent applicadon, because the application 

■ does not demonstrate a VEGF2 function, and because VEGF2'taught in the patent 
. application is not expressed and secreted as the appUcadon taught it could be. , 

J6. ANHl 3.37-337.5 

4.114 Dr. Ha^Avard Declared as follows: >" 

' 3.37 Associate Professor Rogers has commented that . 
■ fragments of polypepddes have no pracdcal utdity 
w^hatsoever (see for example paragraph 4.10.2, . 
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Associate Professor Rogers' Statutory Declaration), 
Clearly this is not the case. As asserted in the patent 

- specification, fragments of poh/peptides can be used to 
make antibodies, which are useful both expenmentally , 
and. therapeutically. In addition, active fragments, of 

. polypeptides are often used in therapy as antagonists 
since they can compete with the full length version but 
may lack full biological activity. Further, such 
polypeptide fragments could also be used as agonists 

. that might mimic some of the biological activities of the 
full-length protein. Although the skilled person would 
. be aware of this in any case, I note that the specification. 

.discloses the following: ' ' ■ . 
. (Dr.' Hayward then continues with a discussion of the alleged teachings in the opposed 
application.) 

4.1 15 Dr. Hayward has misstated what I said in OPR 4.10.2. Paragraph 4.10.2 made no^ 
sweeping statements whatsoever applicable to the utility of fragm-ents of all 
polypeptides. In fact, it' made no statement whatsoever about fragments of VEGF2 
per se. In that paragraph, I explained that claims 16-27, 40-50, and 57-61 contained . 
no limitations relating to biological activity, and that the speciiication of the opposed 
application failed to provide an activity commensurate with the genus being claimed. 
As I had explained in 4.10.2 and elsewhere in OPRl, the Uteral scope of those claims 
encompasses more than just fragments of VEGF2 that might have utility., 

4.1 16 In addition to misunderstanding 4.10.2, Dr. Hay\vard expresses ideas that require 
comment; 

4.1 17 For example, he says that fragments of VEGF2 can be used to make antibodies which 
are useful therapeutically. Since the application fails to demonstrate any biological 
effect of VEGF2, it is purely speculative to say that antibodies to VEGF2 could be 



therapeutic. If someone develops such a therapy, it would owe nothing to the 
teachuigs in the opposed apphcation. 

4.1 1 8 Dr. Ha^Avard also declares that VEGF2 antibodies can be used to measure elevated ■ 
levels of VEGF2 m individuals, and speculates that such levels may be associated 
with cancer. x\gam, there is no evidence. supporting this speculation in the patent 
apphcation. If someone discovers such an association and develops a working 
dias;nostic, that development'would be due to independent research, and not to the 
teachings of the patent application. The VEGF2 taught in the patent application 
cannot be expressed or secreted by'cells, as^emonstrated by Dr. Alitalo. Thus, the 
notion of elevated levels of the VEGF2 taught in the opposed application has thus 
been refuted. 

4T 19 Dr. Hayward says fragments are.ofien used in therapy as antagonists since they can 
compete with the full length version but may lack full biological activity. Again, this 
IS merely speculative, since the patent apphcation fails. to demonstrate that the full 
length VEGF2 has' any biological function, hi fact, the Alitalo declarations 
persuasively demonstrate that cells cannot even express and secrete full length 
VEGF2. as'taught in the opposed applicaUon, so the notion that there is ''the full 
length. version" that needs antagonizing lacks credibihty. 

4.120 Dr. Hay^vard says, some fragments may be used as agonists because they ''might 
. mimic some of the biological activities of the full-length protein:" As I have stated 
■ previously, the whole notion of biological activity or activities of full length VEGF2, 
taught in the application, is speculative. The notion that fragments could have been 
made and tested for activities that have not even been demonstrated for flill length 
VEGF2 IS even more speculative. If such "fragments were found, it would be through 
the efforts of ftirther research, and not be atiributable to the teachings m the 
application. 

4T2 1 Dr. Hayw^ard also declares that the application "clearly demonstrates" that VEGF-2 is 

e.\pres3ed at hidier levels in cells derived from malignant tumors. I addressed the 
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apparent errors in the relevant HGS expenment in paragraphs 4.50-4.52, wliich I 
repeat by reference. 

J7. .^NHl 4.10 

4. 1 22 Dr. Hayward' declared that the process of determining which parts of a polypeptide' 
molecule are required for activity was routine by 1994. If this were true, it pre- 
supposes at least that the activity of the polypeptide was known to begin v/ith. The 
expenmentation that Dr. Hayward is describing could only have been perfomned after 
the'extensive expenmentation that would have been required to successfully express , 
and secrete VEGF2, and the additional experimentation that would have been required 
to identify its activity (if any), and the additional experimentation to make the mutant 
forms of VEGF2. This expenmentation is extensive and unpredictable, and should 
not be credited to the .opposed application, which taught only an incomplete 
DN.Ay'protem sequence with no proven activity. 

4T23 Dr. Hayward declares that the specification highhghts eight cysteines and a 14 ammo 
acid signature modf thought to be involved in VEGF-2 function. The specification ^ 
identities these areas as a feature shared with the pnor art, but provides little guidance 
■ otherwise. 

J8. AiNH14.15 

4.124 In paragraph 5.7.1 of my first declaration I explained that the opposed application 

does not mdicate an intent to claim a genus of polypeptides that bind an antibody that 
binds VEGF-2. Dr. Hayward says he finds such an intention at page 23, lines 5-14. 
(ANHl at 4.15.) I have reviewed the application again but disagree with Dr. 
H^ayward. Pages 22-24 relate to alleged methods of making and using antibodies, as 
Dr. Hayward later alleges liimself at ANHl 4.16. Page 23 does not indicate to the 
reader an intention to define a genus of VEGF2 polypeptides. 



LACK OF CLARITY 



In my first declaration I expiarned that claims 5 I and 54 and, claims dependent 
therefrom are confusmg in that claim 51 seems to require administration of a 
Dol>/peptide, but dependent claim 54 seems to say that administration of the 
polvpeptide" encompasses the act of administering DNA, an activity that does not 
involve administration of any polypeptide whatsoever. (OPRl 6.82) Dr. Mattick 
confirms my analysis that these claims suffer' from this ambiguity by reading them to 
peiTnit the Umitation "administration . . /of the polypeptide'^ without administenng 
any polypeptide. (AJM l at 4. 1 09 - 4. 1 1.2-) 

Indefmiteness of ''fragment, analogue, or denvative" claims. . . 

5.2.1. The declarations provided by HGS provide intei-pretations of "fragment, 
analog, or denvative" language that are intended to save the claims from 

■ encompassing the poor art. Hov/ever, those claim mteipretations, if adopted, 
raise substantial issues of vagueness which I explain above in paragraphs 

■ 3. 18-3.25. 4/and repeat hear by reference. Even if the standard that they 
" proposed were understandable, it would result in the scope of the claims 

chan^ine vvith time, as new genes are discovered. 

5.2.2 . Dr. Gamble offered the following interpretation of "fragment, analogue, or 

derivative" in her declaration: 

Reference is m.ade gn page 9, line 14 to page 10, line 5 
of the specification to the meaning of the terms 
"fracrment", "derivative" and "analos;". Wlien I read 
these passages I understood HGS to be saying that a 
fragment, denvative or analogue is a polypepdde that 
retains essentially the same biological frmction or . 
activity as VEGF-2. (See AJGl 7.7 and 7.S.) 
^ -5.2.3 I agree with Dr, Gamble that there is some support at page 9 of the opposed 

application for this interpretation. However, I also obser/e that claim 56 is 

directed to a fragment, analogue, or derivative having an irJubitory activity. 

Dr. Mattick reads other portions of the application as suggestmg that VcGF2 
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fragments can have VEGF2 inliibitory acUvity. (See AJMl 4,23.) These 
claim mterpretations are irreconcilable. 

5.2,^ Dr. Gamble also offers the following additional guidance. about the definition 
of fragment, analogue, or-denvative: ^ ^ 

While I acknowledge this basic requirement I am 
conscious of the fact, that before something can be an 
analogue, fragment or a derivative of a. protein it needs 
to share sufficient identity with that protein to make it 
resemble that protein or at least part thereof In my 
opinion both of these requirements must be satisfied 
' ■ before a sequence of amino acids can truly be called an . 
analogue, fragment or a^erivative of VEGF-2. (AJGl 
at 7.7) 

5.2.5 As I. explain in my original declaration and also above, neither the apphcation 
nor conventional scientific usage clarifies in any meaningful way whaf 
"sufficient identity ... to make it resemble" means. (See OPRl at 4.6.3; see 
above at 3.23-3.24.) . Even if the concept were understandable, theboundaries 
are not. 



5.3- Indefiniteness of "VEGF2 activity." 

As I explained in my first declaration, the opposed applicafion contains no explicit 
definition of VEGF2 activity (OPRl at 2.3.1 - 2.3.2.3), but suggests many m vivo or 
m vitro uses for. VEGF2 (all unsupported by evidence). (OPRl at 2.3.3.) I explained 
in OPRl that "VEGF2 activity" and related terms were indefinite, ■ (See OPRl at 6.5- 
6.5.1, 2.3-2.3.5, and 4.6-4,8.) HGS's declarations cast still further uncertainty on the 
meaning of VEGF2 activity, because they are ambiguous about whether "VEGF2 
activity" means a single parameter or multiple parameters.. If a pol^/pepfide must have 
''all" of these biological activities, it would be impossible to ever complete the tests to 
determine them. If one or more" of these activities is sufficient for ''VEGF2 
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activity", then prior art polypeptides have VEGF2 activity. (See OPRl at 2.3.) If it is 
not necessary for the polypeptide to retain all of the supposed VEGF2 m vivo and in 
vitro properties, it is unclear how many such' properties can. be ''lost" before the 
polypeptide is no longer considered to have VEGF2 activity. 

5.3. 1 " Dr. Gamble declares that she immediately understands biological function or 

activity ''to include at least in vivo and^or in vitro activity." (AJGl at 7.8) 
The implication. of this statement is that.she thinks every use mentioned in the. 
^ patent appUcation, from cultunng vascular endothelial cells, providing cancer 

■ therapy, promoting bone or periodontium or ligament growth, etc. is VEGF2 
activity. It is still ambiguous "whether each alone is VEGF2 activity or 

' whether, together, they compnse VEGF2 activity. ■ , 

5.3.2 Other parts of Dr. Gamble's declaration suggest that a single biological ■ 
function is sufficient for "VEGF2 activity." For example, in paragraphs 7.9 . 
and 7.10j and again in paragraphs 7.1 5-7.18, she seems to be suggesting that 
testing for angiogenic activity alone is a sufficient test for VEGF2 activity. 

5o.3 Still other parts of Dr. Gamble's declaration suggest that a single biological 

function is NOT sufficient for "VEGF2 activity.'\ For example, in AJGl 7. 1 1, 
Dr. Gamble says that whether or not a polypeptide promotes endothelial cell 
growth is a means for distinguishing a polypeptide that has VEGF2 activity 
from a PDGFa or PDGFb polypeptide, which she says do not promote growth 
■ of endothelial cells. Here, she seems, to be saying that all VEGF2 
polypeptides have at least endothelial cell growth activity (because that is how 
they can be distinguished from FDGF polypeptides). Thus endothelial growth 
activity must be in addition to the "angiogenic" activity she says she could 
have easily screened for (in AJGl 7.9-7.10 and 7T 5-7. 18), because Dr. 
Gamble teaches that PDGF polypeptides also have angiogenic activity. (See 
Litwin, Gam.ble, and Vadas, Auinexiire GBC-10 of the HGS evidence, at page 
105 (PDGF 'lias roles m wound heahng and angiogenesis").) 
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5.3.4 Dr. Havward says that VEGF2 activity means ^'one or more" of a list of about 
seven acuvities that he selected from the patent application.' (See AMBl 3.6) 
His list explicitly omiited many other functions also taught m the patent . 

' application, such as growth of damaged bone, periodontium, or hgament tissue 
as stated at page 1 7 of the opposed application. It is not clear whether Dr. . 
Hayward now classifies one or more of these other functions as VEGF2 
activities. (At paragraph 4.4, Dr. Hayward makes genenc reference to all of ^ 
the activities recited at pages 4 and 16-18 of the application.) Dr. Hayward 
also is of the. opinion that whether the specification teaches a unique defining 
activity for VEGF2 is irrelevant. (ANHlat4.3.) . 

5.3.5 Thus/even when HGS's declarants are trying to explain the alleged simphcity 
. of understanding and screening for VEGF2 activity, they create more 
questions than answers. If VEGF2 means ''angiogenic activity" then why did . 
the applicadon teach that VEGF2 did so many other things, and how does 
"VEGF2 activity" distinguish the angiogenic PDGF and VEGF polypeptides 
of the, prior art? If VEGF2 activity" means the combination of "endothehal 
erowth activity" AND "an gio genesis activity" (per Dr. Gamble,, to exclude 

. PDGF from the claims), then why does Dr. Gamble suggest in other 
paraeraphs of her declarafion that the only' testing she would have needed to 
do was testing for "angiogenic acfivity"? Arid how does. this detmidon of 
''VEGF2 activity" exclude prior art VEGF polypeptides, which promote 
endothelial cell growth and angiogenesis? If the combination of angiogenic - 
activity" and "endothehal growth activity" are the two functions that HGS 
savs are the critical ones for defming "VEGF2 activity", then why does the 
application identify so many other functions, and why do the experts broadly 
say that ''VEGF2 activity is ''in vitro and/or in vivo" activity knd why 
(except perhaps for hindsight) did the HGS declarants select angiogenic 
activity and/or endothelial cell growth activity as the two im.portanf activities, 
to the exclusion of all of the other functions mentioned in the application? If a 
protein induces the gi'owth of damaged bone, periodontium, or. hgament tissue 
as stated at page 17 of the opposed application, does that protem-have V^EG.F2 
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activity? Does the answer depend on whether it also promotes angiogenesis 
and endothelial cell growth? For all of these reasons, I find that the 
declarations of Dr. Gamble and others only confuse further the meaning of 
. "VEGF2 activity/' 

5.3,6 HGS's continued assertion that VEGF2 activity includes antigenic activity 
(the abilitv to cause antibody production) raises still more questions. (See ■ 
. paragraphs 3.32-3,35, repeated, here by reference.) 

■■ Indetmiteness of ''polypeptide binds" an antibody which binds to VEGF-2" , 

5 .4.1 At least claims 16-22 and 40-50 of the opposed application recite, or depend 
from claims that recite, .the limitation ''polypeptide binds an antibody which 
binds to VEGF-2" or sorrie close variation thereof. . 

5.4.2. 'HGS's declarants ask the Patent Office to believe that antibody cross- 
reactivity is- simply too unpredictable to. draw any conclusions from looking at 
protein sequences. Exemplary excerpts from the HGS evidence follows: 
■ . ' • Associate Professor Rogers appears to suggest (see, for . 

example-paragraph 2.7.16) that antibodies that bind to 
regions of VEGF-2 that are conserved with other 
PDGF/VEGF family members might be cross-reactive. 
Associate Professor Rogers refers to a number of prior 
art disclosures of anti-VEGF or anti-PDGF antibodies. 
Simply because two sequences share some homiology . ^ 

does not necessarily imply that any antibody produced 
against one molecule would necessarily be cross- 
reactive' against the other. In my opinion no conclusion . 
. can be made. as to whether sequences sharing some 
homology will generate anybodies that are cross 
reactive. (AJGl 7.21) 
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The fact that there is some sequence- homology between 
VEGF-2 and VEGr and other proteins does not mean 
that there is a high probabihty that antibodies to VEGF- 
2 will cross react with VEGF or those other proteins. 
Antibodies generally have exquisite specificity and will 
only cross react with closely related proteins. I do not 
believe that any conclusion can be drawn about cross- 
reactive antibodies at a theoretical or practical level. 
(AJMlat4.33) 

5.4.3 If.the Patent Office accepts the premise of HGS's experts, then I beUeve it 

-should also find that all of the relevant claims which attempt to define subject 
matter vvith an antibody binding limitation are indefinite. If no predic tions can 
be made, then HGS is saying that the public is required to physically screen a 
polypeptide with every antibody that anyone could ever generate against - 
. VEGF-2, in order to determine whether the poh/peptide falls within a claim. 
That is clearly an unpossible task. The boundaries of the claims are still 
further obscured because the cutoff level of binding is unspecified. 

5,44 When cnticizing the Alitalo declaration, HGS's declarants ask the Patent 
Office to believe diat the results of an antibody binding expenment can be 
manipulated to achieve any desired result, by varying such parameters as 
antibody chosen (because antibodies have different binding affinities); 
selection of polyclonal versus mionoclonal antibodies; the amount of 
antibodies used; and the lack of established controls. (See, e.g., ANHl at 5.7.) 
If the Patent Office accepts HGS's position on this issue, then logically, it 
must also conclude that all of the claims that define a genus of .polypeptides by 
whether they bind- an antibody that binds VEGF2 are unclear. The essence of 
. what HGS is saying is that whether an anfibody binds to a VEGF2 polypeptide 
can be' manipulated to achieve a desired result, unless a number of parameters 
are carefully detined. None of those parameters are defined in the opposed 
application or the claims at issue. In fact, the entire notion of VEGF2 



antibody binding is tlieoretical in the opposed application, since no antibodies 
are taught. If antibody binding is subject to all of the variables and 
manipulations identified by HGS, then the metes and bounds of the claims are 
also unpredictably variable and subject to manipulation, and cannot be 

■ considered clear. 

5.5 . hidefiniteness of "hybridisation" language m the claims. 

■5.5. 1 I explained that hybridization language in the claims was confusing in my . 
original declaration. (See, e.g., OPRl at 6.7 - 6J.2;) 

5.5.2 Dr. Hayward discusses hybridization claim language at ANHl 3.9-3.12. He 
says that, ''When I read the word "hybridise' in those claims I understand it to 
mean that the hybridisation reaction should be conducted under suitably 
strin.^ent conditions such that only VEGF-2 polynucleotide sequences would 

■ bind either nucleotide sequence shown in the sequence listing (SEQ ID No: 1) 
or the cDNA deposited m the ATCC deposit identified in the patent 
specification or fragments thereof" Needless to say, Dr. Hayward's definition 
is totahy circular. He. says he would define the VEGF2 subject matter of the 
claims as encompassing VEGF2 subject matter. 

5.5.3 To the extent that Dr. Hay^A^ard believes that ''VEGF2'* can. include variants of 
the precise VEGF2 sequence taught m the apphcation, such as non-human 
'^orthologs" (suggested in ANHl at 3.3), the apphcation gives no guidance as 
to how dissimilar such sequences are or what hybndization conditions would 
be appropnate for distinguishing them, so the metes and bounds of the claims 
cannot be ascertained. 

AND I MAKE this solemn declaration by vinue of. the Statutory Declarations Act 1959, and 
subject to the penalties provided by that. Act for the making of false statements in- statutory 
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declarations, conscientiously believing the statements contained in this declaration to be true 
m every particular. ■ . 
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(54) Title: KUMAiN VASCULAR ENDOTHELIAL GROWTH FACTOR 2 ■ ^ 
: ;7) Abstract 

Disclosed is a human VEGF2 polypeptide and DNA (RNA) encoding such VEGF2 polypeptides. Also provided is a procedure for 
producing such polypeptide by recombinant techniques and antibodies and antagonist against such polypeptide. Also disclosed is a method 
of using such polypeptide for stimuladng wound healing and for vascular tissue repair. .Also provided are methods of using the antagonists 
to inhibit tumor growdi, inflammation and to treat diabetic retinopathy, rheumatoid arthritis and psoriasis. Diagnostic methods for detecting 
mutations in the VEGF2 coding sequence and aiteratioas in the concentration of VEGF2 protein in a sample, derived from a host are also 
disclosed. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLm^^ 

1. An isolated polynucleotide comprising a member selected from ihe group consisiing 
-of; . 

a) a polynucieodde encoding the full length polypeptide as set forth in SEQ ID 

NO: 2; / 

b) a polynucleotide encoding the manire protein portion of SEQ ID N0:2; 

c) a polynucleotide encoding the proprotein portion of SEQ ID NO: 2; 

d) a polynucleotide encoding the human VEGF-2 polypeptide encoded by the 
cDNA in ATGC Deposit No, 97149; 

e) a polynucleotide comprising the nucleotide sequence encoding a polypeptide 
comprising amino acid residues -46 to 373 of SEQ ID NO: 2; 

f) a polynucleotide comprising die nucleotide sequence encoding a polypeptide 
. comprising amino acid residues -23 to 373 of SEQ ID NO: 2;, 

g) , a polynucleotide. comprising the nucleotide sequence encoding a polypeptide 
. comprising amino acids 1 to 373 of SEQ ID NO: 2; 

h) a polynucleotide comprising the nucleotide sequence encoding a portion of the 
mature YEGF-2 poh/^^eptide comprising amino acids 24 to 373 of SEQ ID NO: 

. 2; ' ■ ' , " . 

• i) a polynucleotide comprising the nucleotide sequence encoding a polypeptide 
comprising amino acids -46 to 24 of SEQ ID NO: 2; 
j) . a polynucleotide comprising the nucleotide sequence encoding a polypeptide 

comprising amino acids -23 to 24 of SEQ ID NO: 2; 
k) a polynucleotide comprising the nucleotide, sequence encoding a polypeptide 

comprising amino acids 1 to 24 of SEQ ID NO: 2; 
1) a polynucleotide fragment of the polynucleotide according to any one of a) to 
d) with the proviso thai: said polynucleotide fragment comprises at least 30 
contiguous nucleotides of the polynucleotide of i), j) or k); 
m) a polynucleotide fragment which tiybridises to, at least 30 contiguous 
nucleotides of the polynucleotide encoding amino acids -46 to 24 of SEQ ID 
NO: 2 under the followmg condidons: hybridisation m.0.5 M. sodium peroxide 
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NaP04 7% sodium dodecyl sulfate (SDS) at 65X and washing with 0,5 x 
■ SSC, 0A%- SDS at 60°C or equivalent hybridisation stringency; 
n) a polynucleotide comprising the complementary form of the polynucleotide 
^ according to any one of a) to rn). 

2 An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 

the full length polypeptide as set forth in SEQ ID NO: 2. 
^ ■ 

3: An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 
the mature protein portion of SEQ ID' N0:2. 

4. An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 
the proprotein portion of SEQ ID NO: 2. 

5. - An isolated. polynucleotide accordmg to claim 1 wherein the polynucleotide encodes 

the human VEGF-2 polypeptide encoded by the cDN A in ATCC Deposit No. 97149. 

6. An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 
a polypeptide comprising amino acids -46 to 373 of SEQ ID NO: 2. 

7. An isolated polynucleotide according to claim I wherein the polynucleotide encodes 
a polypeptide comprising amino acids -23 to 373 of SEQ ID NO: 2. 

8. An isolated polynucleotide accordmg to claim 1 wherein the polynucleotide encodes 
■ a polypeptide comprising amino acids 1 to 373 of SEQ ID NO: 2. . 

9. An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 
a. portion of the mature VEGF-2 polypeptide comprising amino acids 24 to 373 of 
SEQ IE) NO: 2. 

An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 
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a polypeptide comprising amino acids -46 to 24 of SEQ ID NO: 2, 

An isolated polynucleotide according to claim- 1 wherein the polynucleotide encodes 
a polypeptide comprising amino acids -23 to 24 of SEQ ID NO: 2. 

An isolated polynucleotide according to claim 1 wherein the polynucleotide encodes 
a polypeptide comprising ammo acids 1 to 24 of SEQ ID NO: 2, 

An isolated polynucleotide according to claim I wherein the polynucleotide comprises 
a fragment of the polynucleotide according to any one of a) to d) with the proviso that 
said polynucleotide fragment comprises at least 30 contiguous nucleotides of the 
polynucleotides of i), j) or k). 

An isolated polynucleotide according to claim 1 wherem the polynucleotide comprises 
a fragment which hybridises to at least 30 .contiguous nucleotides of the polynucleotide 
encoding amino acids -46 to 24 of SEQ ID NO: 2 under the following conditions: 
hybridisation m 0.5 M sodium peroxide NaP04^ 7 % sodium dodecyl sulfate (SDS) at 
65"C and washing with 0,5 x SSC, 0.1% SDS at 60°C or equivalent hybridisation 
stringency. . . 

An isolated polynucleotide according to claim 1 wherein the polynucleotide comprises 
the complementary form of the polynucleotide according to any one of claims 2 to 
claim 14. . / 

An isolated polypeptide comprising at least 30 amino acid residues and having VEGF2 
biological activity further comprising a member selected from the group consisting of: 

a) a polypeptide comprising the amino acid sequence of the full length 
polypeptide of SEQ ID NO :2,; 

b) a , polypeptide comprising the amino acid sequence of the mature protein of 
SEQ ID NO: 2; \ 

c) a polypeptide comprising the amino acid sequence ,of the proorotein portion of 
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SEQIDN0:2; . 

d) ^ a polypeptide comprising the amino acid sequence of the mature polypeptide 

-encoded by the cDNA contained in ATCC Deposit No. 97149; 

e) a polypeptide comprisiag amino acids -46 to 373 of SEQ ID NO: 2; 
t) " a polypeptide comprising amino acids -23 to 373 of SEQ ID NO; 2; 

g) a polypeptide comprising amino acids 1 to 373 of SEQ ID NO: 2; 

h) a portion of thQ mature VEGF-2 polypeptide comprising amino acids 24 to 373 
ofSEQIDNO:2; 

' ' i) a polypeptide comprising amino acids -46 to 24 of SEQ ID NO: 2; 
j) a polypeptide comprising amino acids -23 to 24 of SEQ ID NO: 2; ^ 
k) a polypeptide comprising amino acids 1 to 24 of SEQ ID NO: 2; . 
1) a polypeptide comprising an active fragment of .the VEGF2 polypeptides 

according to any one of a) to d) with the, proviso that part of said polypeptide 

fragment is encodeii by at least 30 contiguous nucleotides of the polynucleotide 

encoding the polypeptide of any one of i) , j) or k) ; 
m) a polypeptide fragment comprising an amino acid sequence encoded by a 
' polynucleotide sequence which hybridises to at least 30 contiguous nucleotides 

of the polynucleotide encoding any one of the polypeptides of i), j) or k) under 

the following conditions: hybridisation in 0.5 M sodium peroxide NaPO^^ 1%. 

sodium dodecyi sulfate (SDS) at 65° C and washing with 0.5 x SSC, 0.1% SDS . 

at 60''C or equivalent hybridisation stringency. 

17. An isolated polypeptide according to Claim 15 comprising the amino acid sequence 
. of the full length polypeptide of SEQ ID N0:2. 

18. An isolated polypeptide according to Claim 16 comprising the amino acid sequence 
of the marare portion of SEQ ID NO: 2. 



19. 



An isolated polypeptide according to Claim 16 comprising a polypeptide comprising 
the amino acid sequence of the proprotein portion of SEQ ID NO: 2. 
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20. An isolated polypeptide according to Claim 16 comprising the amino acid sequence 
_ of the mature VEGF-2 polypeptide encoded by the cDNA contained in ATCC Deposit 
No. 97149. 

21., An isola'ted polypeptide according to Claim 16 comprising amino acids -46 to 373 of 
SEQ ID NO: 2. 

22. An isolated polypeptide according Claim 16 comprising amino acids -23 to 373 of 
SEQ ID NO; 2. . 

23. An isolated polypeptide according to Claim 16 comprising amino acids 1 to 373 of 
. , SEQ ID NO: 2. ; " 

24. An isolated portion of the mature VEGF-2 polypeptide according to Claim 16 
comprising amino acids 24 to 373 of SEQ ID NO: 2. 

25. An isolated polypeptide according to Claim 16 comprising amino acids -46 to 24 of 
SEQ ID NO: 2. * 

26/ An isolated polypeptide according to Claim 16 comprising amino acids -23 to 24 of 
SEQ ID NO: 2. 

27. . An isolated polypeptide according to Claim 16 comprising amino acids 1 to 24 of SEQ 
ID NO: 2. 



28. An isolated polypeptide according to Claim 16 comprising a fragment of any one of 
the polypeptides of Claims. 16 to 20 with the proviso that part of said polypeptide 
fragment is encoded by at least 30 condgnous nucleotides of die polynucleotide 
encoding die polypeptide of any one of Claims 25 to 27. , " . 



An isolated polypeptide according to Claim 16 comprising an amino acid sequence 
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encoded by a polynucleotide sequence which hybridises to at least 30 contiguous 
nucleotides of the polynucleotide encoding any one of the polypeptides of Claims 25 
to 27 under the following conditions: hybridisation in 0.5 M sodium peroxide NaP04 
7% sodium dodecyi sulfate (SDS) at 65 X and washing with 0,5 x SSC, 0.1% SDS 
at SO'^.C or equivalent hybridisation stringency. 

An isolated polypeptide according to any one of Claims 16 to 29 further comprising 
a heterologous polypeptide. ^ 

An isolated polypeptide accordmg to any one of Claims 16, to 30 further comprising 
a homodimer. ; ^ 

An isolated polypeptide according to any one of Claims 16 to 31 wherein the 
polypeptide is glycosylated. 

A composirion comprising the polypeptide accordmg to any one of Claims 16 to 32 
or 40 and one or more pharmaceutically acceptable carriers and /or diluents. 

A vector comprising the polynucleotide accordmg to any one of Claims 1 to 15. 

A recombmant vector comprising the polynucleotide according to any one of Claims 
1-15 operativeiy associated with a regulatory sequence that controls gene expression.. 

A host cell comprising the polynucleotide according to any . one of Claims 1-15 
operably associated with a heterologous regulatory sequence or a vector comprising 
same, — 

The polynucleotide sequence according to any one of Claims 1-15 further comprising 
a heterologous polynucleotide. 

The polynucleotide sequence of Claim 37 farther comprising a polynucleotide which 
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encodes a heterologous polypeptide. 

39: : A method for producing a VEGF-2 polypeptide at least comprising the step of 
./ cultunng the genetically engineered host ceIl;of Claim 36 for a time and under 
conditions suitable for the expression of the polypeptide encoded by said 
polynucleotide to occur. . 

40. A polypeptide produced by the method of Claim 39, 

41. , A composition comprising the polynucleotide accordiag to any one of Claims 1-15, 

- 37, or 38 and one or more pharmaceutic ally acceptable carriers and/or diluents. 

42. . Use of the polynucleotide according. to any one of Claims 1 to 15, 37 or 38 or the 
. polypeptide according to 'any one of Claims 16 to 32 or 40 in the preparation of a 

- medicament for the treatment of a padent having need of hunian VEGF-2 polypepdde. 

43 ,. An antibody which is capable of binding to the polypeptide accordiag to any one of 
-Claims 16 to 29 with the proviso that the antibody is not capable of biudiug to a 
polypeptide consisting of amiuo acid residues 24 to 373 of SEQ ID, NO: 2 or a 
fragment thereof- . _ 

44. An antisense construct capable of bindmg to the polynucleotide accordmg to any one 
. of Claims 1-15 or a complementary form diereof with the proviso that the antisense 
construct is not capable of biuding to a polynucleotide sequence encodiug amino acids 
24 to-373 of SEQ ID NO: 2 or a fragment thereof. 

A method of stimulatiug proliferation of endothelial cells iu a patient comprising 
administering to die patient die polypeptide according to any one of Claims 16 to 32 
or 40 for a time and under conditions .sufficient for die proliferation of endodielial 
cells to occur. ■ 
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46. The method of Claim 45 wherem the patient has vasculature tissue damage. 



47. ' The. method of Claim 45 wherein the patient has a wound, tissue damage or bone 
damage;. 



48. The method of Claim 45 wherein the patient has ischemia; \ • 

49. The method of Claim 45 wherein the patient has myocardial infarction. 

The method of Clahn. 45 wherem the patient has coronary artery disease, peripheral 
vascular disease or CNS vascular disease. 

51. The method accordmg to any one of Claims 46 to 50 wherein the stimulation of 
endothelial cell proliferation is capable of ftirther stimuiatmg angiogenesis. 

52. The isolated poly nucleotide according to any one of Claims 1 to 15, 37, 38 or 44 

. -■ • . , " , - 

substantially as hereinbefore described with reference to the Figures and for Examples. 

53 . The isolated polypeptide according to anyone of Claims 16 to 32 or 40 substantially 
as hereinbefore described with reference to the Fig;ures and/or Examples. 

'54. The vector of Claim 34 substantially as hereinbefore described with reference to the 
Figures and/or Examples. 

55. The host cell of Claim 36 substantially as hereinbefore described with reference to the 
. Figures and/or Examples. 

56. The method according to any one of Claims 39, 45 to 51 substantially a5 hereinbefore 
described with reference to the Figures and/or Examples. 



GrNf^^'^/^\57. , The use according to Claim. 42 substantially -as hereuibefore described with reference 
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to 



the Figures and/or Examples. 



' ■ >-n. nf riaim 33 or 4r substantially as. hereinbefore ' described with 

58. The composition ot Uaim :s J ut '+i ^ 'J j 

reference to the Figures and/or Examples. 
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The 165-amiiio acid form of vascular endothelial 
growth factor (VEGFjg^) is a mitogen for vascular endo- 
thelial cells and a potent angiogenic factor. Expression 
of a chimeric receptor containing the extracellular do- 
main of the /Z^i-i receptor fused to the transmembrane 
and intracellular domains of the human c-fms receptor 
in NIH-3T3 ceils, resulted in the appearance of high af- 
finity binding sites for ^^*I-VEGFjea on transfected cells. 
The binding of ^^*I-VEGFiaa to the flk-l/fms chimeric re- 
ceptor of the transfected cells as well as the VEGFig^- 
induced autophoephorylation of the chimeric receptors 
were inhibited in the presence of low concentrations of 
heparin (1-10 jig/mJ), In contrast, similar concentrations 
of heparin potentiated the binding of ^^I-VEGFiaa to the 
endogenous VEGF receptors of the transfected cells, in- 
dicating that to some extent, the effect of heparin on 
^^I-VEGFjaj binding is receptor type-dependentt 

A soluble fusion protein containing the extracellular 
domain of flk-1 fused to alkaline phosphatase { flk-1/ 
SEAP) was used to study the effects of heparin on the 
binding of ^^I-VEGF^g^ to flk-1 in a cell- free environ- 
ment. The fusion protein specifically inhibited VEGF ^^^1- 
induced proliferation of vascular endothelial cells, but 
bound ^^'^I-VEGF^g^ inefficiently in the absence of hepa- 
rin. Addition of low concentrations of heparin or hepa- 
ran sulfate (0.1-L >xg/mi) resulted in a strong potentia- 
tion of ^^"I-VEGFjga binding, whereas higher heparin or 
heparan sulfate concentrations inhibited the binding. 
The effect of heparin on the binding of ^^I-VEGFj„ to 
/2A-i/SEAP could not be mimicked by deaulfated heparin 
or by chondroitin sulfate. Both bFGF and aFGF inhib- 
ited the binding when low concentrations of heparin 
were added to the binding reaction. However, higher 
concentrations of heparin abolished the inhibition, in- 
dicating that the inhibition is probably caused by com- 
petition for available heparin. Taken as a whole, these 
results indicate that heparin-like molecules regulate the 
binding of VEGF(aj to its receptors in complex ways 
which depend on ,the heparin binding properties of 
A'TEGFjs^, on the specific VEGF receptor type involved, 
and on the amount and composition of heparin-like mol- 
ecules that are present on the cell surface of VEGF re- 
ceptor containing cells. 
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Vascular endothelial growth factor (VEGF)^ is a secreted 
heparin-binding glycoprotein that displays some structural ho- 
mology with PDGF. Five forms of human VEGF mRNA encod- 
ing VEGF proteins of 121, 145, 165, 189, and 206 amino acids 
are produced from a single gene as a result of alternative splic- 
ing {1, 2). The best characterized VEGF species is the iSo- 
amino acid long form (VEGF^gg). The active form of VEGF is 
a homodimer of 47 kDa (1, 3) that Lnducea angiogeneeis and 
blood vessel permeabilization in uii;o and displays a mitogenic 
activity that seema to be restricted to vascular endothelial cells 
. (1, 4-3). Several recent, reports indicate that VEGF may play 
an important role in the process of tumor angiogeneaia (S-U). 
VEGF^gg binds to specific cell surface receptors which are found 
on vascular endothehal cells, and on several types of non-en- 
dothelial cells such as NIH-3T3 cells and melanoma cells, which 
do aot seem to respond to VEGF with a mitogenic response 
(12-16). Cell surface-associated heparin-like molecules are re- - 
quired for the interaction of VEGF^gg with the three VEGF 
receptor types observed on vascular endothelial cells (15) arid 
with the two receptor types present in WW94 melanoma cells 
(16). 

■, ■ The protein encoded by the fit gene was recently reported. to 
be a VEGF receptor (17, 18), belonging to the PDGF receptor 
subfamily of the tyrosine kinase receptors (19). The flk-I gene 
was isolated from an embryonic Uverderived cell population 
enriched with primitive hematopoietic stem cells (20, 21) and 
encodes a tyrosine kinase receptor that ja homologous to fit: 
The product of the flk-l gene and the product of its human 
homologue KDR also bind VEGF and undergo autophoaphory- 
lation in response to VEGF. However, it is not clear yet whether 
flk-l or fit can transduce a VEGF induced mitogenic signal (22, 
23). Both /I^ and flk-1 contain seven immunoglobulin- 1 ike loops 
in their extracellular domains, whereas other members of the 
PDGF receptor family such as c-kit or c-fms contain only five 
immunoglobulin- like loops (20). 

We have expressed the flk-1 cDKA and a chimeric gene con- 
taining the extracellular domain of flk-l and the tyrosine ki- 
nase domain encoded by the c-fms gene in NIH-3T3 cells, and 
we report that both the chimera and the native receptor en- 
coded by the flk-l gene bind VEGFigg with high affinity. We 
show that heparin concentrations that inhibit the binding of 
^"I-VEGFigfi to the chimeric receptor, and the VEGF^gg-induced: 
auto phosphorylation of the chimeric receptor, potentiate the 
binding of VEGFj^ to endogenous receptors of NIH-3T3 ceila. 
We also present evidence indicating that the binding of 

^ The abbreviations used are: VEGF, vascular endothelial growth fac- 
tor; VEGF^5jj, 165-aTiiino acid forro of vaacular andothelial growth fac- 
tor; aFGF, acidic fibroblast growth factor; bFGF, basic fibroblast growth . 
factor; BSA, bovine serum albumin; CSF-l, colony stimulating factor 1; 
EGF. epidermal growth factor; PAGE, poly aery la mide gel electrophore- 
ais; 3EAP, secreted alkaline-phoaphataae. 
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VEGFjg^ to a soluble fusion protein containing the entire ex- 
tracellular domain of the flk-l receptor is strongly enhanced by 
hepann, but not by chondroitin sulfate, or desulfated heparin. 

EXPERIMENT.^ PROCEDURES 

Maie rials— Kumain. recombinant VEGF^g^ was purified from the con- 
ditioned medium orSf'9 insect ceils infected with a baculo vims- baaed 
expreaaion vector for VZGT,^ aa described (24). The factor waa highly 
punfted as determined by SDS-PAGE chromatography followed by sil- 
ver ataimng, uaing three puriScation atepg, including hydrophobic chro- 
matography, cacion-exchange chroma to^aphy, and hepann-Sepharoee 
affinity chromatography. Recombinant human bFGF and aFGF were 
prwiuced in bactena ae described (15). Recombinant PDGF-BB waa 
kindly given by Dr. I. Vlodavaky (Hadaaaah-Hebrew University Hospi- 
tal, Jerusalem). EGF waa kindly given by Dr. Gospodarowicz (Chiron 
Inc.). The pMFG e.xpreasion' vector was Icindly given by Dr. Richard 
Mulligan (Whitehead Institute for Biomedical research, Cambridge,. 
MA). Intestinal mucoaa-denved heparin, and chondroitin sulfate A and 
C, were purchased from Sigma. OverauLfated and desulfated heparin 
were kindly yiven by Dn Svahn (Kabi-Pharmacia Therapeutics, Stock- 
holm, Sweden). Rat liver-derived heparan-sulfate waa kindly given by 
Dr J. T. Gallagher (Christie Hospital, Manchester, United Kingdom). 
Suramin was obtained from FBA. Hepann-Sepharose waa purchased 
from Pharmaaa. ffa^^'I wa3 purchased from New England Nuclear 
Tissue culture plasticware was obtained fram Nunc. Tiflaue culture 
media, aera, and cell culture aupplementa were from Beth-Haemek 
Biological [nduatnea- Preatained high molecular weight aize markers 
were purchased from Bio-Rad. Disuccinimjdyt guberate waa obtained 
from Pierce Chemical Co. Anti-alkaline phosphatase antibodies (A- 
OlS-01 antibody) were from Medix Biotech. The anti-c-fms antibodies 
were produced againfit a C-tenmn5i peptide (GDIAQPLLQFNNYQFC). 
CSF-1 was purchased from C^nzyme, All of the other chemicala were 
purchased from Sigma. 

Construction of Expression Ptasmtds Eficoding ftk-l/SEA^ and flh 
llc-fms Fusion Proteins-^An antisenae oligonucleotide (5'-(jGCA- 
GATCTTTCC.^AGTTGGTGT^TC-3') fusing the last cod on (under- 
lined) of the flk' I extracellular domain (20) to a Bgll site (bold) waa used 
in conjunction \vith a sense flk-l oligonucleotide (position 1880 in the 
p.k-1 sequence) to amplify a small fusion fragment. Digestion of the 
fragment with BgLl and j?arl (position 2452 in the flk-I sequence) and 
gel purification yielded a jxinction fragment, A 5' flk-l fragment was 
prepared by sequential amplification and joining of the flk-l sequences 
between positions 120 and 1739 from two plasmida followed by the 
addition of H:ndIII hnkers. This fragment wag digested with ffindlll 
and 5a/r(poaition 535 after theATG codon) and gel-purified. A fragment 
containing the bulk of the extraceliular domain was purified following 
digestion with and £ar I. All of the above fragraenta were simultar 
neoufliy Ugated with dephosphoryiated Hindllh and B^ZI-digested 
Aptag vector (25) and transformed into bacteria. 

An oUgooucleoride 5'-GGTGCCCAGCATCCCCCGGATGAGTTC- 
CTC-3' joining flk-l sequences to c-fms at a position slx amino acids 
upstream of the c-fms transmembrane domain (261 was synthesized for 
the construction of the flk-l/c-fms (the last jlk-l amino acid is under- 
lined), and ita complement wa^ used to amplify two fragments overlap- 
ping at the position of gene fusion. The oligonucleotides used were at 
poaitions 1880 of flk-l and 2032 oC c-fms, reapectively. Both of these 
fragments were mixed and re-amplified with the flk-l and c-fms oligo- 
nucleotides (1880 and 2032) to create the fusion fragment. The rest of 
the cDNA encoding the extracellular domain o{ flk-l was grafted to this 
fusion fragment aa described for the creation of the flk- l/SKAP encoding 
sequence. The sequence encoding the intracellular and transmembrane 
doraaina of c-fms was grafted to this fusion fragment in a similar man- 
ner. The DNA encoding the entire chimera was then aubcioned into the 
pMFG expression vector and expressed in NIH-3T3 cells. 

purification of Che flk-l I SEAP Fusion Protein—Ten liters of condi- 
tioned medium from flk-l/SEAP transfected NIH-3T3 ceUs were con- 
centrated 10-fold by tangential flow ultra- filtration on a 30-kDa cut-off 
membrane. Following concentration, the conditioned medium waa clari- 
fied by filtration through a Q.2-p filter and then loaded onto a 15-nnJ 
monoclonal anti-SEAP-Sepharose column equilibrated previously with 
0.1 M Tria-KCl, pH 7.6, 0.5 m MaCl. ^d 2 mM EDTA. The sample waa 
recirculated over the column five times and then washed with 10 bed 
volumes of 0.2 m glycine HCl, p.H 2.3, 0.5 m NaCl, and fractions were- 
immediately neutralized ^vith 2 m Tris base. Fractions containing puri- 
fied flk'l/SEAP were pooled, dialyzed into 0.01 m phoaphate-buifered 
saline, pH 7.2, and frozen at -20 "C The purity of the flk-l/SEAP 



preparation waa >90% aa determined by SDS-PAGS and N terminus 
sequencing. 

Ceil Culture — NIH-3T3 ceils were grown in Dulbecco's modified Ea- 
gle's medium supplemented with 10% fetal caif 3erum, 2 jum glutamine,. 
and antibiot^ca. Human umbilical vein-denved endothelial cells, were 
maintained, and their proliferation in response to various growth fac- 
tors monitored, as deacribed pre'/iously (3, 27). 

Binding and Cross-linking of ^^I-VECF j^—rlodin^tion of human re- 
combinant VEGFigjs performed using the chioramine-T method, as 
deacribed previously (12). The specific activity of the '"I-V^IGF^^^ was 
about 10** cpm/ng. To cross-link '^I-VEGF,gs to the /Ik-l/SZAP fuaion 
protein, flk-VS'KAP (100 n^ml) and ^I-VEGF,Ba (10 ng/ml) were incu- 
bated at room temperature for 1 h in binding buffer containing 10 mw 
HEPES, 150 mM NaCl, and 20 pg/ml bovine "serum albumin (BSA)..The 
croBS-Unker (disuccinimidyi suberate) waa then added to a final concen- 
tration of 0.2 mw for 15 min at room temperature, and the reaction was 
stopped with 20 mM glycine. The binding and cross-linking of '^T- 
VTEGFififi to flk-l and to flk-l/c-fms transfected and non transfected NIH- 
3T3 cells were performed, and cross-linked complexes visualized, as 
described previously (12, 15). 

VEGF ^g^- induced AatophosphoryiatiQn af the flk-l/c-fms Chimeric 
Receptor in Transfected iVlH-STJ Clone C4 Ce//5— Confluent cells in a 
lO-cm dish were transferred to aerum-free medium containing 0.05 mM 
sodium orthovanadate, and the cells were incubated 4 more h in this 
medium at 37 ""C. Subsequently, the medium was changed to aerum-free 
medium containing 0,1% BSA and growth factors were added to the 
desired concentrations for 1-10 minutes. Following stimulation the me- 
dium was aspirated, and the cells were washed quickly with ice-coid 
Dulbecco's phosphate-buffered saline contaimng. 1 mjrt sodium or- 
thovanadate. The cells were then lysed with ice-cold lysia buffer (10 mM 
Tris-HCl, pH 7.4, 1% Triton X-100. 50 miA. NaCl, 30 um\ sodium pyro- 
phosphate, 50 mM NaF, 2 mw sodium orthovanadate, 5 mu. ZnClj, 5 mw 
phenylmethyisulfonyl fluoride, 0.1 mg/ml aprotuiin, and 0.1 mg/ml leu- 
peptin). Lysatfis were transferred to chilled Eppendorf tubes and cen- 
trifuged 5 min at 12,000 at 4 Sup«matant3 from each lyaate were 
incubated with 5 pg of affinity-purified antibody directed against z-fms 
and protein A-Sepharoae for 2 h at 4 °C with constant shaking. Beads 
were subsequently washed once with wash buffer A (10 mM Tris-HCl, 
pH-8, 0.2% Triton XrlOO. 150 mw NaCI, 2 mw EDTA, and 1 mw sodium, 
orthovanadate), once more with the same buffer containing 0.5 m MtiCl. , 
followed by two washes with 10 niM Tria-H(T1 pH-S. The beads were 
boiled in SDS buffer and the supemotanL separated on a 4-12% 
gradient St>S-PAGE gel. Proteins were transferred to nitroceUuloae by 
electroblotting. Phoaphoproteina on the nitrocellulose were detected us- 
ing an anti-phosphbtyroaine antibody (Upstate Biotechnology, Inc.), and 
bound antibodies were visualized using the ECLayscem (Amersham). 

. RESULTS 

The Receptor Encoded by the flk-l Gene Binds '^^I-VEGFjg^ 
with High. A/]^niiy— Full-length flk- 1 cDNA waa aubcioned into 
the molony murine leukemia virus long terminal repeat driven 
expression vector pMFG. This expresaron vector was stably 
,co- transfected into both NIH-3T3 cells and baby hamster kid- 
ney-derived fibroblast (BHK-21 cells) (23). The presence of 
-VEGF binding sites was examined in geneticin-resiatant clones 
of cells using '^I-VEGFig^ binding (12). The transfection re- 
sulted in the appearance of clones which expressed low densi- 
ties {no more than 600 receptors/cell) of high affinity ^"^I- 
VEGFi(j5 binding sites (not shown). We could not detect a 
mitogenic response to VEGFjg^ in these cells nor could we de- 
tect VE OF 165- induced auto phosphorylation. 

To try to overcome these problems we have expressed in 
NIH-3T3 cells a chimeric cDN A containing the extracellular 
domain of flk-l fuaed to the transmembrane and intracellular 
domains of the CSF-1 receptor [c-fms)- Saturation binding ex- 
periments in which increasing concentrations of ^^I-VEGF^gg 
were bound to NIH-3T3 clone C4 cells expressing the chimeric 
flk: llc-fms receptors were analyzed by the method of Scatchard 
using the ligand program (29). These experiments revealed one 
class- of high affinity bindiag sites for '^^I-VEGFjg^ with a dis- 
sociation constant of L9 X 10"" M. The density of these /lA-i/c- 
fms receptors was 2800 receptors/cell (Fig, IB). 

Cross-Unking experiments revealed a '^I-VEGFj^^-contain- 
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Binding and crosK-linking of '"I-VTEGF,^^ to Qk- l/c-/7n«-producing ceils. A, expression of the flk-I/c/m.s- chimeric receptor in 
N1H.3T3 cells. Flk- l/L-fms-pn)dac\nu i/.amis- I and 2) and nonprrjducing (/n/7.(f ,71 t^TH-TO cdlii wore p-nwn Lo submnnuence in 6-cm diahos The 
biadinu of '*M-VEGF|,;, n^VmlJ t-o^Lhe ceiLs in thu pre;ience Hane 2) ur ahsonct (/a/ic.v / and .7) ofO.o pfj/ml of unlabeled VEC.F,,-. and'the 
.subHOqtienL cruss-l inki tig nf bound '"''f-VKGF,,.., Co the receptors weru conducted as described under "Materials and Mcrhods." B. representative 
snturation binding r.xpfirimenL with nk-l/[:-//7i.s- expn-.s.sinf; NIH-JT.'I cells. Cells were ip-tnvn lo subcnnfluence in 24-muiti\ve!I dishesHfiO.OOO 
cells/well). Increasing cuncenLrationH uf '''M-V^GF. ranj^ing from 10 pf,'/ml. to 10 ng/ml. \vere buund tu the cells for 2 h at 4 "C. Nunspecific bindinf; 
was meaiiured in the presence of 0 5 pg/ntl unlabeled \^GF. and the .specific binding was calculated by the subtraction of the nonspecific binding 
from the total binding. At the end of the binding reaction, the cells were washed three times wth 1 ml of ice-cold Dulbecco's phosphatc-bufrered 
saline coiUaining I mg/ml BSA. The cells w«re then soiubilizcd with 0,5 ml of 0.2 n WaOH. Aliqunts were counted in a 7-counLer. Shown is a 
saturation curve in which the amount of speeincally bound ''MA^GF,^, i.s plotted as a function- of added '--"'I-VEGF,,^, concentrations and a 
Si:;ntchard plot derived froni the saturation cur\'e Unset ). 



irig. compiex of 210 kDa in NIH-3T3. clone 04 cells which is noL 
present, in the nontransfected NIH-,'iT3 cells (Fig. L^, compare 
lanes 1 and /I). The formation of this complex wan inhibited by 
an excess of unlabeled VEGF,(^_. f Fig.. LA, l.ane 2 ). The chimeric 
receptor was autophosphorylated in response to VEGF",,;- in a 
dose-depondent fashion { Fif^. 2). Be^cause of the relatively high 
expression levels of the flJi-l/C'fm.s chimenc receptor in NIH- 
3T3 clone C4 cells, and because VEGFjj^.^-induced sii^nal trans- 
duction could be observed in these cells; we have chusen to use 
the NIH-3T3 clone 04 cells for further experiments. 

The Effect, of He. pan. rj. on ike. Binding of ''^"I-VEGF to the 
Endngc.nou!^ VEGF Ruvspiors and to [Ik-ljc-fnis Chimenc Re- 
ccpCors Exprr.ssi^d in NIH-3T3 Celh — In the absence of exoj- 
enuus heparin the cndot^enous V^GF receptors of the KIH-3T3 
cells ( 15) are barely detectable (Fi^. 3, lane I ). However, when 
low concentratiuns of heparin (1 ug/ml) are included \n the 
binding reaction, two '''**l'VF:GF,p.^- receptor complexes can be 
detected (Fig, 3. lane 2 ). The binding of '^'T-VEGF,,,- to these 
receptors, is inhibited when 0.5 pg/ml of unlabeled VEGF,,-,, are 
added to the binding' reaction (not shown). In contrast, the 
binding of I-VEGF,,-^ to the flk- l/c-fms chimeric receptors 
expressed in transfected NIH-3T3 clone G4 cells was readily, 
detectable. evL-n in the absence of added heparin (Fig; and 
Fig. 3, land 3). As expected, the endogenous receptors of the 
transfected cells were not seen when the binding was done in 
the absence of heparin (Fig. L4 and Fig. 3. lane 3 ). No signifi- 
cant effect of heparin on '-'T-VTiGF,,.., binding. to the fl.k: Ka-fnxs 
chimeric receptors was observed when heparin concentrations, 
lowf^r than I jag/nril were incliided in the binding reaction (not 
shown). When 1 ug/ml heparin was added to the binding reac- 
tion, the binding of '-•"T-VEGF,,;, to the fik- llc-fm^i chimeric 
receptor was significantly inhibited, whereas the binding nf 
'-•'^I-VEGF,,... to the endogenous VEGF receptors of the trans- 
fected cells was potentiated (Fig. 3, lam-: 4 ). Similar concentra- 
tions of heparin also inhibited partially the VF;GF|,;--induced 
autophosphorylation of the transfected //c-/>7i.s' chimeric rc- 
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Frc. 2. VEGF,^^ induces autophosphorylation of flk-Vc-fnw chi- 
meric receptors. NIH^3T3 clone C4 and NIH-3T3-/*m.s cells were 
grown in 10-cm dishes and shifted to serum-free medium for 4 h before 
.induction with growth factors as described under "Materials and Meth- 
ods." The cells were .stimulated for 8 mm with the indicated concentra- 
tiona of VEGF,,;,. or CSF-I. Fnilowmg stimulation, the cells were lyscd 
and the receptoni i mmunoprecipitated with anti-c/mi- antibodies ;is 
deacnbed under "Materials and Methods." (mmunoprecipitated mate- 
nai was chromatographed on a SDS-PAGE gei. transferred to nitrncel- 
luin.se, and lyrnsine-phosphor^dated proteins visualized as described 
under "Matenals and Methods." 

ceptors. indicating that the heparin-induced inhibition of 
VEGF,j^,, binding to the transfected receptors is accompanied by, 
reduced receptor function (Fig. .4); A higher concentration of 
heparin (10 ug/ml) inhibited the binding of '-M-VEGF,^^ to the 
endogenous and to the transfected VEGF receptors { Fig. 3, lane 
5). It therefore follows that in the presence of 1 pg/ml heparin 
the binding of '"M-VEGF,,, to one type of VEGF recentor is 
potentiated, whereas the binding of ''^'T- VEGF,(.., to another 
class of VEGF receptors is inhibited, although both receptor, 
types reside in the same cell. 

The Buiduig of '-'lA^EGF^,,, to a Soluble flk- 1/SEAP Fustan- 
Protein in a Celi-frce Environment Is Potentiated by Heparin— 
NIH-3T3 cells, as well as most other cell types, contain cell 
surface-associated heparin -like molecules (30). Therefore the 
modulatory efTects of exogenously added hepariB-like mol- 
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Fir.. 3. The effect of hepann on the binding of '."'l-VEGF^^ to 
the endogenous VT^GF receptors and to the nk-l/c/rn-f chimeric 
receptors uf NlH-3T3 clone C4 cells. '"l-VEGL-,,, (20 ng/mi) wris 
hound t.0 parcnLal NIH-.^Ta cell H.ant'^ J ;ind 2 ). and a lower cnnccnCrn - 
tion ir> ng/m\) wa.s bound to y/c-A'n..s-exprcs-Siri^' NIH-3T3 clnrni C-1 
cells (Laniss ,1-5 t. in Lhe absence \la/it's I and .? ) or in the prcsencr* oi' 1 
lL\;/ml iUuiss 2 :ind ) nr 10 pg/mi iianc.,-') ) heparin. The suh.sequenL 
cruss-linkini^ oCbound '-■M-VECF,;.., to the rccepturs, and vnHuallxalion of 
crns^-linki^d etiinpliixes wcjrc done as descnhed under ''Materials and 
Methods." Lcuitis I and :; vvcre autoradioii^rciphed for 9 days, and lanea 
3-6 were autoradiographed for 5 days- 

-Flk-fms 
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F)fi. 4. Inhibition of VEGF|a.--induced phosphorylation of flk- 

\}C'f^m,s by heparin. NrH-3T3 clone' C4 colls were f^njw.n in 10-crn 
di.shes and shifttid to serum-rree' medium fnr 'l' h before the expcnment 
as described under"*MaLeriai.s and Methods." The ceils were stimulated 
with VTEGF^jj.at 5 or 10 ng/mt fnrH min in the absence or presence of the . 
indicated concentrations nf hepann. F'.ollowinf,' stimulation, cells were 
lysed and the receptors imniunoprecipltatcd with anti-c-/'"i-': antibodies 
as described under "Materials and Methods."" ImnmnoprL-cipitated ma- 
terial was chromatographed on a SDS-PAGE j^el, transferred tu nitru- 
ceilulose, and tyrosine-phosphur/iated proteins were \nsuali/ed as de- 
scribed under "Materials- and Methods." 

ecules on '^'M-VTtGF^n,- binding are superimposed on the effects 
of the endogenous cell surface-bound hepann-like motecules. To- 
study the^nteraction between^UGFn^,., and the/ZA^-/ receptor in. 
a controlled environment in which the composition of glyco- 
samin.og!ycans can be cnntrolied precisely, we produced a 
solubie fusion pr.otein consistinf:f of the tixtracellular domain of 
flk-l fused to secreted human placental alkaline phosphatase 
tSEAP). The ftk-I/SEAP fusion protein was not retained on a 
heparin-Sepharose '^column and specifically inhibited the 
VEGF,f;--induced, but not the basic fibroblast growth factor- 
induced, proliferation of human umbilical vein-derived endo- 
thelial cells by more than 70%. (not shown.). 

■ To study the binding of ^"I-VEGF,,, to the/Ii-i/SEAP fusion 
protein, ''^'M-VEGFiha was incubated with the fusion protein and 
bound I - VIE GF,,^,, was subsequently cross-linked to the' 
soluble receptor An excess of BSA was added to the binding 
reaction in order to Inhibit nonspecific binding. Labeled '"'I- 
VEGF,^,-/7/^-y/SEAP complexes of 205 kDa could be detected' 
foliowinf^ cross-linking, but the efficiency of complex formation 

' in the absence.of hepann was low (Fig. 5A and Fig. $B, lainis 1 
and 3). I -VTIGF,,;;-- receptor complexes couid be seen under 
these conditions only after prolonged exposure t not. shown). 
This heparin-independent binding was more prominent when 
high concentrations of '"''I- VEGF i^^, (40 ng/m!) were used (not 
shown). The addition of 0.1 ug/ml of hepann to the bmding 
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Flo. 5., The effect of various glycosaminogiycans on the bind- 
ing of '"^'l-V^GF,^, to the nk-l/SE.\P fusion protein. A, the effect of 
increasing concentraciDns of heparin nn the bindinj.^ of '""''I- VF!GF,t;,, 
nk-l/SEAP. '-""'[-VEGF,,,, I 10 ng/mll was bound tu solnhlc /Ib-l/S^AP 
1 100 ng/ndl in the presence of increasing ctjnccntrations of heparin a.s 
indicated. Binding was performed for 1 h at room temperature. The 
subsequent crrjss-linking of bound '''NyEGF|,.r, tft tht•^///^f- //SFAP fusidn 
protein and the visuali/.ation of' cruHS-l inked complexes were done as 
described under "Materials and Methods." The labelitig density of the 
'"■*[-VEGF,r,r,Yi't-//SE/VP complexes that were formed (see 8] were de- 
termined using a cliniscan-2 densitometer, and plotced as a function .of 
heparin concentration. B. the effect uf native and modified heparins and 
of '.'anou.s glycosammo^lycans. on the binding of '-'T-VT;GF,(;_,^.Lo fik-l/' 
SEAP. '■'■'■'lA>EGF,,.,,,nn ng/mH was hound to soluble //SEAP i. 100 
ng/ml) in tHe presence of the fnlltjwinf^ additions: lanes I and \7, no 
additions; /a/ie.s' 2 and"-^, 0..1 pg/ml heparin; /a/ie 5, 0. 1 Mf4/ml chnndrnitin 
.sxilfate A. lane 6, 0.1 pg/nil chnndrnitin sulfate C; lane 7, 0.1 pg/ml 
/V/O-desulfated hepann; ia/i-f r^; (J. 005 pg^ml O-ovcrHuIfated hepann. 
Binding was performedTor 1 h .at room temperature. The subsequent 
■ cross-linkjng of hound '~''l-VEGFi„_,, tn the/Z/f- //SEAP fusion protein and 
the risualization of cross-Jinked complexes were done as described un- 
der "Materials, and Methods." . 



reaction potentiated the binding of '-"'I-V'EOF ,f^,,. to the soluble 
receptor (Fig. oS; /anc-s 2 and 4 ). Densitometric analysi.s shows 
that 10 ng/ml of heparin already produce a 3-fold potentiation 
of ''^''I-VEGF,^, binding' to the soluble receptor (Fig. 5A). A 
maximal 4-fold potentiation of '^''I-VEGF,gj./binding was pro- 
duced in the presence of 0.1, \iglm\ heparin, and hepann con- 
centrations higher than 10 pg/mi- 'pro.gressivety inhibited the 
binding compared with the maximal binding level observed in 
the presence of O.l pg/mi heparin (Fig, 5A }. Labeled complexes 
were not formed when '-■'[-VEGFjt.r, monomers were used in- 
stead of dimers ( r2)-or when the binding of '*■'[- VEGF,,;., was 
performed using SEAP instead of the flk- //SEA? fusion protein 
(not shown). The heparin concentrations Chat begin to produce 
inhibition of ''^''l-VEGF,(.- binding to the flk- //SEAP fusion pro- 
tein are higher than the hepann concentrations that are re- 
quired for partial inhibition of '-'t-VEGFmr, binding to the flk- 
Uc'fms chimeric receptors of transfected NIH-3T3 cells (Fig. 3). 
Thus 1 pg/ml heparin still potentiates strongly '"'I-VEGF,,^., 
binding to /Z/c-//SEAP, but similar concentrations of hepann 
already inhibit the binding of ''^'l-VEGF,,.- to the fl.k- Ih-fms 
chimera expressed, in transfected NIH-3T3 cells (Fig. 3). 

The potentiating effect of heparin appeared to be spe.cvfic, 
since identical concentrations of chondroitin sulfate A or chnn- 
drnitin sulfate C did not produce any enhancement of ''^'I- 
VEGF,f;r, binding (Fig. 0i9. ianas 5 and 6, respectively). A similar 
concentration of rat liver-derived heparan sulfate produced, a 
2-fold potentiation of ''"'I-VEGF,,,, binding to flk-l/SEAP, indi- 
cating that the potentiating effects was specific to heparin-like 
molecules,. High concenti^ations of heparan sulfate llOO pg/ml 

• or more) inhibited oven the basal binding of '-''I- VKGFi,;,- ^^"^^ 
observed in the absence of added heparin (not shown). The 
overaH sulfation level of heparin seemed to be critical for the: 
potentiation of '-'[- VT^GF,,,, binding to /7^- //SEAP. ^/Vhen N/0- 

■ desulfate)d heparin (0.1 ug/ml; total sulfate content. 1%) was 
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Fiu. tj. Specificity of '"'I-V^GFig^ binding to the soluble (Ik-l/ 
SEAP receptor. /A . the eflt^ct of various growth factors on the binding 
. uf '"'l:\a^GF,«, to nk-L/SEAl^. '"U-VEGF,,,, '10 n^/ml) was bound to the 
/Ik-I/SKAP protein ( 100 ng/ml) in the presence of 0.1 pg/ml heparin and 
in.tht? prt.stMicr^ of the foilowin;:^ additiony; /ant' /, no additions; Ldnfi 2. 
unlaboli-d VEGF,,.,, f 0.5 -uLj/nil); lane 3. aFGF (0.o pg/rnlj; larw. ^, bFGF 
fO.5 Lig/nil); lane 5. PDGF (0.5 pt{/mir. lane 6, EGF l.O.n yg/mr.); lane 7. 
suramin (1 m.Mi. The binding, the subsequent cross-linking of bound 
'-■''r-Vl^GF,,;,, to the /7/f-//SEAP fusion protuin, and the visuah'zation of 
LTOHS-hnked cioniplnxes wHre done as de.scnbed undtjr "Macerials and 
Methods." B. modulation of the inhibiLory eiTect of bFGF by heparin. 

V EG F,«,, ( iO hg/ml) wa.s hound to tho/zi- i/SEAP protein ( 100 ng/ml) 
in. the ab3enc:e, of heparin Uane.i I and 2) or in the presence of O.I pg/ml 
heparin (/fi/it'.s* .7 and 4 ) or ! pg/mi heparin ilana.s 5 and 6'). In addition, 
bFGF (O.fi ug/mD-was added to some of the binding reactions llanes 2, 

4, and ^ t. The binding, the .sub.sequent crofis- linking of bound ''^''I- 
VEGF|^,_ to the/U'- //SE/'VP fusion protein, and the visualization of cross- 
Hnked cumple.xt.s were done as described under "Materials and Meth- 
ud^." , 

added instead of heparin, no enhancement of ''''^I-VEGF),-^ bind- 
ing could "be observed (Fig. 5. lan^ 7.1. When O-oversui fated 
. hepai-in.was u.sed i5 ng/ml: total sulfate content, 16%") (31), the 
enhancement nf ' "•'^I-V^GF,^;, binding appeared to be more po- 
tent than the enhancement achieved with native heparin and 
was maximal at 5. ng/ml of oyersulfated heparin (compare -Fig. 

5, lanes S and 4 ). A higher concentration of O-oversuIfated 
heparin (0.1 pg/inl) completely inhibited the binding of '"^'I- 
VEGF,,.,.^ to /ZA'.-//SEAP. whereas. native heparin caused a simi- 
lar inhibition of binding only when 100 pg/ml were included in 
the binding reaction (not .shown). 

The. Specificity of the hitcraction of the SoiuhU tlk- 1 / SEjVP 
with VEGFjf^^ — To examine the specificity of the interaction 
between '"''I-VEGFij^r, and the soluble flk^ l/SEAP receptor, 
binding and cros.s-linkmg experiments were conducted in the 
preficnce of 0.1 pg/ml hepann and various other substances. 
The binding of '-M-VEGF,,, to the soluble /Ji:- i/SEAP receptor 
was completely inhibited by 0.5 pg/ml of unlabeled VEGF,^^,^ 
(Fig. 6A, lane 2) and by suramin (Fig. 6A. lane 7), a known 
inhibitor of angiogenesis (32) that inhibits the binding of 
VTCGF,,.,^ to its receptors on vascular endothelial ce^l Is (12). The 
binding of '''^'I-VEGF,,.^ was not inhibited by 0.5 ug/ml of PDGF 
or by 0:5 pg/ml EGF (Fig. 6A, laiien 5 and 6). In contrast, a'FGF 
fO.5 ug/ml) (Fig; 6A. /a/ie 3) and bFGF (0.5 pg/ml)(Fig^ 6A. lanv. 
4 and Fig. 6B. lane 4) inhibited the binding. Because these two 
factors bind heparin with high affinity, we reasoned that they 
could perhaps bind free heparin during the binding reaction 
t33) and therefore make heparin unavailable to '"^[-VEGFir^-, 
resulting in a partial inhibition of V^GF,^,^. binding. This 
assumption w:i;s supported by an experiment in which the bind- 
ing to the [Ik- //SE/VP fusion protein was done in the presence of 
increasing concentrations of heparin and 0.5 pg/ml bFGF (Fig. 
6B). The inhibitory effect of bFGF was abolished when the. 
binding of ''-^'T-VEGFi^j- to flk- 1/SKAP was done in the presence 
of 1 pg'ml heparin (Fig. 65, lane 6^. This experiment indicates . 
that a potent growth factor like bFGF may, under appropriate 
conditions, serve m the rote of a growth inhibitor using a'^ 
mechanism involving competition for .shared cell surface, modu- 
latnr-s of receptor binding such as hepnrin-like molecules. 



Di.SCUSSION 

The fl.k'I gene encodes a tyrosine kinase receptor and was 
isolated from a cDNA library prepared from" mouse fetal liver- 
derived cells enriched with primitive hematopoietic stem cells 
(20. 21, 34). The expression of the full-length flh-! cDNA m 
cells, or the expression of a cDNA encoding a chimeric receptor 
containing the extracellular domain of /Ik- 1 fused to the trans- 
membrane and intracellular domains of the CSF-1 receptor 
iC'fms}, results in the expression of high affmitv binding sites 
for '"I-VEGF,,,. The affinity of '^M-VEGF.,, for these receptors 

, was similar to the alTinity of 'VTlGF^^^ to VEGF receptors of 
vascular endothelial cells. Because the chimeric receptor was 
expressed at higher levels in transfected cells, and because- we 
could show VEGF|,;,-induced autophosphoryiation of the chi- 
menc receptors, we have used ceils expressing the chimeric 
receptor for further studies. 

The binding of '''^■T-VEGF,^,., to the endogenous VEGF recep- 
tors of vascular endothelial cells and to the small number of 
endogenous VEGF receptors found in NTH-3T3 ceils is poten- 
tiated by the addition of 1 pg/ml heparin (15). Unexpectedly, 
both the VEGF I, jj./ induced autophosphoryiation of the chimeric 
/7^'.-//c-/*m.s' receptors expressed in the NIH-3T3 clone C4 cells 
and the binding of '"M-VEGF,^.:, to these receptors were inhib- 
ited by heparin concentrations equal or larger than 1 ^g/ml, 
whereas lower heparin concentrations had no efTect. It follows 
that heparin can potentiate the binding of '~''l-VE.GF[y. to one 
class of VEGF receptors and inhibit the binding of '-^I-VEGF,,:. 
to another class of VEGF receptors simultaneously. These ex- 
periments indicate therefore that the e fleet that heparin will 
have on the binding of '''^•1-VEGFjg., to specific VEGF receptors 
depends not only on the heparin binding ability of the growth 
factor, but to some extent also on specific charactenstics asso-. 
ciated' with specific VEGF receptor types. 

It was recently reported that the ligand binding ability of 
fibroblast growth factor receptor- 1 is i-egulated by the direct 
binding of heparin to the receptor (35). The effect of heparin on 
'-''[-\'^GF,^^. binding could also.be in part the result of a direct 
interaction between heparin and a subset of VEGF receptors. 
Alternatively, it is possible that heparin modulates the binding 
uf VEGFj(5.- '^^^ receptors indirectly through specific cell sur- 
face hepann-binding proteins. It was reported that vascular 
endothelial cells express. cell surface heparin receptors (36), 
and it was shown that cell surface-bound heparin can potenti- 
ate the binding of '''^''^I-VEGFi^.; to the VEGF receptors of vas- 
cular endotheliaf cells (15). Taken together, the experiments 
suggest that the effect of heparin on the interaction of VEGF, j^,, 
with cell surface VEGF- receptors is a complex process that 
needs to be studied using an experimental setup that will allow 
precise control of the binding environment. 

We have taken a step toward the establishment ofsuch an 
experimental setup by producing a soluble chimeric VEGF re- 
ceptor containing the entire extracellular domain of flk-I fused 
to soluble alkaline phosphatase (25). This /7;t-; /SEAP fusion 
protein turned out to be a specific inhibitor of VEGF, (;j;-induced 
cell proliferation. This soluble receptor could perhaps be used 
in the future as an ui vivo VEGFij^^ antagonist. The availabil- 
ity of the fusion protein allowed us to conduct binding experi- 
ments in 3 precisely regulated cell free environment. The flk- 

■ //SE.AP -soluble receptor did not bind '''^''l-VEGF,^, efficiently 
in the absence of.heparin, but addition of low heparin concen- 
trations (as low as 5 ng/ml) to the binding reaction strongly 
potentiated the binding of '''-'I- VEGF,,, to /?i-//SEAP, The ef- 
fect .of hepann on '"H-VEGF,j;.^ binding could not be mimicked 
by chondroi.tin sulfate, but heparan sulfate had a similar ef- 
fect. The sulfation- level- of the heparin was important for the 
potentiating effect, since de.sulfated heparin had no activity, 
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whereas oversulfated hepann potentiated the binding of ^^I- 
VEGFi65 ^^^^ efficiently than hepann. These experiments, 
done in a controlled cell free enviromnent, indicate that hepa- 
rin can directly modulate the binding of ^-^I-VEGFjgs to flk^l I 
SEA? and that the modulation in this case is probably medi- 
ated exclusively through the interaction of heparin with ^^I- 
VEGF^gg, since /lA-i /SEAP does not appear to bind to hepann- 
Sepharoae. 

In the presence of 1 pg/ml heparin, the binding of 
VEGFigs to the flk-lk-fms receptors on transfected ^aH-3T3 
cells ia inhibited, whereas the aarae concentration of heparin 
potentiates the binding of '"I- VEGF^as to the soluble flk-1/ 
SEA? receptor- Since cell -surfaces already contain heparin-like 
molecules, it follows that the effect of exogenous heparin on the 
binding of ^^^I-VEGFjg^ to a cell surface located VEGF receptor 
will be superimposed upon the effect of pre-existing cell surface 
associated heparin-like molecules. In addition,, putative hepa- 
rin binding cell surface receptors may also nnodulate the bind- 
ing, resulting in complex final effects which are avoided by the 
usage of the soluble /Z^-2/SEAP receptors. 

The binding oC^n^VEGF,^^ to the /Z;fe- i / SEAP-soluble recep- 
tor could not be inhibited by the growth factors PDGF and EGF " 
(&-3). In contrast, high concentrations of bFGF and aFGF in- 
hibited the binding of .'^ I- VEGF, to the soluble flk- VSEAP 
fusion protein. We found that these growth factors lost their 
ability to inhibit the binding of ^^I-VEGF^g^ to the soluble flk- 
i/SEAP fusion protein when the binding experiments were con- 
ducted in the presence of high concentrations of heparin. It 
therefore follows that competition for available cell- surface 
heparin-like molecules could perhaps function as an indirect 
cross-talk mechanism by which a growth factor such as bFGF 
may modulate the activity of another heparin binding growth 
factor such as VEGFig^. 

To conclude, our results indicate that heparin affects the 
interaction of VEGFig^ with various VEGF receptors by more 
than one mechanism. We have also shown that heparin can 
modulate the interaction of VEGF^gg with the VEGF binding 
domain' of the flk-l receptor, even when the binding is done in 
an environment that contains only /7^-7/SEAP receptors, 
VEGF, and' heparin. The results of this study indicate that 
VEGF may play an important role in the maturation process of 
hematopoietic cells, since the flk-1 cDNA was originally iso- 
lated from a cell population enriched with primitive hemato- 
poietic stem cells (20), 
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Pig. 2. Panel A, inter-subunit and intra- subunit cnodels for binding 
two molecules of KDR receptor to dimeric VEGF. The inter-subuoit 
disulfide bonds in VEGF are indicated. Panel 3. displacement of bio- 
tinyiated VEGF i_iog from binding to monomehc KDR 1-7 by a mono- 
menc form of VEGFj^iog containing the double mutant C51il/C60R, a 
heterodiraeric form of VEGFi_io9 '^^^^ pcsaesses either both binding 
sites fhV-2), or a single site at one pole of the hormone (hV-1) and the 
wild-cype VEGFi^^qb with IC^o values »5O0, 10, 8.9, and 4.6 aM, 
respectively. Dilutions of these VEGF variants were added with fixed 
amounts of biotmylated VEGF (1 hm) co KDR tO;5 nM) and incubated for 
18 h. The complex was captured with a mAb to KDR fMAKDS) as 
descnbed under ■* Experimental Procedures." 

The IgG'like Domains 2-3 in KDR Are Su/fiCLent for High 
Affinity BLnding—To determine the minimaJ IgG-like domain 
requirements for binding of KDR to VEGFi_io9t ^ series of 
deletions were produced in which each of the seven IgG-Uke 
domains were deleted from the carboxyl terminus of the extra- 
cellular domain. The deletion variants were expressed initially 
as dimeric proteins by fusion to the CH2-CH3 domain of an 
antibody (KDR-IgG). Thia was done to facilitate purification on 
a Protem A affinity column (12) and to compare their affinities 
to monomeric forms of KDR. 

The choice of deletion junction was based on homology to 
other members^ of the IgG superfamily (16, 17): Systematic 
carboxyi-terminal domain deletions had virtually no. effect on 
affinity for VEGF until IgG-like domain 3 was deleted (Table I); 
KDR 1-2 had an affimty that was >1000-foid reduced relative 
to KDR 1-3 but did show specific binding at concentrations 
above 2 >lM (data not shown). A variant of KDR missing the first 
MHn-terminal domain, KDR 2-3, bound nearly as well as the 
full-len^h KDR (Table I). These data suggest that domains 2-3 
are most important for high affinity binding. 

To determine if these deletions had caused misfolding of the 
molecules, we. analysed their binding to three different anci- 
KDR monoclonal antibodies (Table I), one of which (MAKD6) 



T.\BLE I 

Analysis, of deletions of the seven IgG-Uke domains in the 
extracellular domain of KDR 



EC50 inw) 





(PM)," 


Non -blocking' 


Blacking 




MAKDl 


MAiCDS 


MAKD6 


KDR l-7-[gG 


51. (-11)' 


2.11 


1.51 


0.45 


KDR l-o-IgG 


143 (z24) 


2.13 


1.05 


0.41 


KDR l-i-IgG 


57tzl2) 


1.74 


0.95 


0.44 


KDR 1-3-r^ 


101 (iiS) 


1.86 


1.12 


0.51 


KDR l-24gG 


> 100,000 


. 2.04 


1.02 


0.60 


KDR 2-3-IgG . 


100 




ND" 


0.50 


KDRl-7 moaoraer . 


4990 (r 700) 


1.39. 


1.59 


0.64 


KDRl-3 monomer 


3350 (±1000) 


1.31 


0.88 


0.53 



" The binding affinity of KDR variants to VEGF^_^og was measured 
using a competitive radioimmunoassay and ^**I-VEGFi_ig5 (NEN Life 
Science Products Inc., DuPont) as a tracer except that the affinity for 
KDR 2-3-IgG was measured using biotmylated VEGF as tracer as 
described under "Experimental Procedures/ 

* ND, not detectable. 

blocks binding of VEGF. The antibodies bound to nearly all the 
deletion variants with affinities virtually identical to the Tuil- 
length KDR 1-7 (EC50 ^1 nM). Deletion of domain 1 caused 
complete disruptioa for binding of the non-neutrahzing anti- 
bodies (MAKDl and MAIKDS) but not the neutralizing antibody 
(MAKD6). Thus, the deletions do not grossly disrupt the struc- 
ture of the molecules and locate the epitopes for MAKDl and 
MAKD5 to domain 1 and for MAKD6 to domain 2. The fact that 
the antibody NLAKD6, which blocks binding of VEGF, binds to 
domain 2 further supports the importance of domain 2 for 
binding VEGF. 

To facilitate preparation of monomeric forms of KDR, a Gen- 
enase 1 protease cleavage site (13) was engineered at the June- 
tion of the last KDR IgG domain and the CH2- domain (19). The 
cleaved PCDR was shown to be monomeric based on its mobility 
m nonreducing SDS-PAGE and gel filtration. Both the KDR 
1-7 and KDR 1-3 monomers bound all three mAbs and equally 
well to VEGF . (Table I). These results show the first three 
IgG-like domains are sufficient for binding of VEGF whether in 
monomeric or dimeric forms. ^ " 

One VEGF Dtmer Binds Two Molecules of the Extracellular 
Domain of KDR— To determine the stoichibmetry of binding of 
VEGF^_;lo9 extracellular domain of KDR, we systemati- 

cally varied the ratio of VEGF to KDR and determined the 
apparent size of the complexes by gel filtration. The glycosy- 
lated monomeric KDR 1-7 migrated as a single peak by gel 
filtration chromatography with an apparent molecular niass of 
-250 kDa (Fig. 3A). By comparison, the dimenc KDR 1-7-IgG 
migrated as a 600-kDa peak (data not shown). Upon addition of 
one equivalent of VEGF (dimer) per two equivalents of KDR 
(monomer), a single complex peak was formed of apparent 
molecular mass —400 kOa. A minor shoulder was .seen that 
might represent the slight excess KDR monomer m the mix- 
ture. The fact that the 2:1 complex is smaller by gel filtration 
than expected from the sum of the component molecular 
masses (520 kDa) may be that VEGF aUgns the receptor sub- 
units in a more compact fashion. 

Further additions of 2 and 3 equivalents of VEGF did not 
change the position of the high molecular weight peak, and 
excess VEGF accumulated as the free dimeric hormone (Fig. 
3A). The height of the free VEGF peak was small because 
VEGF contains .no tryptophan residues and therefore has a 
small molar absorbance at 230 nm. When the ratio of KDR to 
VEGF exceeded 2:1, free KDR 1-7 accumulated as a shoulder. 
The hV-1 heterodimenc variant of VEGF forms a 1:1 complex 
with monomeric KDR. This complex migrated at a position that 
was intermediate between the free KDR 1-7 and the 2:1 
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r-> 2:1 compiex 
' . r>KDRl-7 




KDR1-7 : VEGF 
2 : Q 

2 ; 1 

2 :2 
2 :^ 3 



3 : 1 



4 



KDR1-7 : VEGF-hV-l 



2 ; 2 




1:1 compley 



2 :2 



2 : 2-4 



FlC. 3. Panel A, gei filtration chromatography of various ratios of KDR 1-7 monomer and VEGF dimer {upper six chromatograms) or VEGF 
heterodimer(hV-l) containing a single functional binding site {Lower two chromatograms). The concentration of KDR 1-7 monomer was 1 jxM except 
at ratios of 3:1 and 4:1, where the concentration of KDR 1-7 was 1.5 and 2 ^.m, respectively. The quantitation of protein was determined by amino 
acids hydrolysis and absorbance at 280 nM. Panel S, gel filtration chromatography' of various ratios of KDR 1-3 monomer and VEGF dimer {six 
chromatograms on the Left) or hV-1 {five chromatograms on the right). The concentration of KDR 1-3 monomer was held constant at 1 mm except 
at ratios of 3:1 and 4:1. where KDR 1-3 monomer was 1.5 and 2 ^M,.reapectiveiy. 



KDR-VEGF complex. When the ratio of the hV-1 to KDR 1-7 
exceeded unity, the free heterodimer accumulated in the 
chroma to gram. 

Parallel experiments were carried out with the monomeric 
form of KDR 1-3 (Fig. 2B). When no VEGF was present, KDR 
1-3 migrated as a single peak of apparent molecular mass of 
— 70 IcDa. Addition of 1 equivalent of VEGF dimer to 2 equiv- 
alent of KDR 1-3 resulted in forming a peak with apparent 
molecular mass of -160 kDa. Addition of 2 and 3 equivalents of 
VEGF did not change the position of the complex peak, but free 
VEGFf accumulated. Increasmg additions of KDR 1-3 in excess 
of the 2:1 ratio to VEGF dimer showed increasing appearance 
of free KDR 1-3. A similar set of experiments with the hV-1 
showed it maximally formed a 1:1 complex (Fig. 3^); when the 



ratio of either the variant or KDR 1-3 was skewed from unity, 
the free excess component accumulated. These experiments 
explicitly show that two molecules of KDR bmd to one VEGF 
dimer, and that form of KDR lacking IgG-like domains 4—7 are 
capable of producing the 2:1 complex in solution. When ^/EGF 
is engineered to have only one functional binding site (hV-1) it 
cannot dimerize the receptor in vitro. 

" VEGF Binds Avidly to Dimeric versus Monomeric Forms of 
KDR— Given the fact that the VEGF dimer binds two mole- 
cules of receptor we wished to determine to what extent pre- 
dimerization of the receptor influenced affinity. This can be 
readily seen by comparing the binding constants for the mono- 
meric and dimeric forms of KDR (Table I). KDR-IgG fusions 
containing domains 1-7 or 1-3 bound SO-lOO-fold stronger. 
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Summary of dissociation constants (KJ far binding of monomeric and 
dimenc forms of VEGF and KDR 1-7 





Moaomer 


KDR 

Dimer 


Monomer^ 

Sin^ie-site heterodimer 

(hv-ir 

Wiid-type dimer* 


10 nM 
5 nM 


1.5 i±M 
7 rLM 

50 pM 



moQomeric KDR was &:om other expenments not shown 
^ Data from Table L . 



Fig. 4. VEGF containing two sites binds much stronger to 
' predimeriaed forms of KDR. Dispiacemeat of ^"I-VSGFi^igj, fram 
the dimenc KDR 1-7-IgG ia shown for wild-type VEGPi.^ga. VEGF3_^□g, 
the single disulfide heterodimer containing: both Iginding sices ChV-2) or 
single binding site (hV-l-),.and monomenc VEGF;_ioe, C51R/C60R. The 
IC^o values from here and Fig. 25 are summarized in Table II. 



than their monomeric counterparts. The affinity of the single- 
site heterodimenc VEGF for binding to the dimeric KDR IgG 
fusion was about 200-fold weaker than wild-type VEGF (Fig. 
4). In contrast, binding to monomeric KDR for the heterodimer 
was only 2-fold weaker than native VEGF (Fig. 25). These 
data, summarized in Table 11, show that binding of dimeric . 
VEGF to predimerized KDR ia -LOO-fold stronger than when 
either the hormone or receptor contains a single binding site. 

VEGF Binds Virtiiaiiy the Same Way to Monomeric and 
Dimeric KDR — Given the strong avidity component to binding 
of VEGF to its receptor, we .wished to determine if VEGF binds 
the same way to monomeric and dimeric forms of KDR 1-7. We 
have previously reported the alanine scan of VEGF for binding 
, to KDR- IgG (9). Here we analyze the binding ^of these same 
alanine mutants to monomeric KDR (Table III). The data show 
that the same set of alanine rautants that are most disruptive 
for binding to KDR-IgG are also strongly disruptive to binding 
monomeric KDR. 

There are some subtle and systematic differences in the way 
the alanine mutants bind the monomeric versus dimeric KDR. 
For example M13A,' I43A, I46A, E64A, and I33A were more 
disruptive to affinity (by factors ranging from 2-8-fold) when 
tested against the monomeric versus dimeric KDR. Only F17A 
was more disruptive to the dimer than the monomer (by -2- 
fold). The biased suppression of the disruptive effects of the 
alanine mutations when binding to the dimer is likely caused 
from avidity in binding.' We conclude there are no gross differ- ~ 
ences in the way monomeric and dimeric forms of KDR bind to 
VEGF. . 

KDR Domains 1-3 Are Sufficient for Signaling in Cells — 
NIH 3T3 fibroblast cells that contain the extracellular domain 
of colony-stimulating factor receptor fused to the transmem-- 
brane and intracellular domain of the Flt-4 receptor incorpo- 
rate pHlthymidine and proliferate when treated with the col- 
ony-stimulating factor (20). To produce a VEGF responsive cell 
Une, we made a similar chimera in which the seven IgG-Hke 
domains of KDR were linked to the transmembrane and' intra- 
cellular kinase domain of Flt-4. At low concentrations of VEGF 
this cell line incorporated pH]thymidine with an EC50 of - 100 
pM (Fig.. 5A); high concentrations of VEGF Ol ;xm) showed- 
inhibition. Such a bell-shaped dose-response curve is antici- 
pated for a two-site hormone dimenzmg two. identical receptors 
(21). The hV-1 was inactive (Fig. 5A). 

A similar construct was produced in which only domains 1-3 
of KDR were linked to Flt-4. These cells also incorporated 
[^Hjthymidme in response to VZO? (Fig. 5B).but did so with a 
higher EC50 (-^10 nM) and lower ma-ximal response. We did not 



Table III 

comparison of the effect alanine mutants of VEGF ^ on binding 
^ to KDR l~7-[gG or KDRl -/ monomer 
The relative binding affinity was expressed 'as the fold difference of 
alanine mutants with VEGFi^^gg '^^ the competitive binding assay as 
descnbed under "Experimental Procedures." Standard deviations in 
these measurements averaged :^25% of the value shown. Residues are 
shown m two groups {e.g, F17A or I43A' ) to indicate that they are . 
presented in the same epitope but from different subunits. Each mutant 
is present cwice in the dimer. 





KDR-IgG dimer 


KDR monDmer 


VEGF wt 


1 


1 


F17A 


230 


91 


. MISA 


11 


98 


E64A- 


120 


460 . 


- I43A' 


25. 


120 


' Y45A' 


140 


170 


146 A' 


400 


1000 


Q79A' 


100 




. I83A' 


360 ' 


^810. 



go to high enough concentrations to see inhibition by VEGF. 
,The hV-1 was virtually inactive. Primary human umbiUcai vein 
endothelial cells (HuVEC) showed a bell-shaped dose-response 
curve (Fig. 5C). We resist making quantitative compansons 
between HuVEC and KDR expressed NIH 3T3 cells given the 
fact that the HuVEC contain both KDR and Flt-1 receptors ~ 
(22). 

The difference in EC50 values and maximal response for the 
KDR 1-7 and KDR 1-3 cell lines likely resulted from the fact 
that the number of functional receptors on the KDR 1-3 cell 
line was at least lO-fold lower based upon binding of ^^^I-VEGF 
(data not shown). To explore the effect of receptor number on 
signaling directly we isolated three different clones of cells that 
varied over a range of 12-fold in the amount of the KDR 1-7 
that specifically bound ^"^I-VEGF (Fig. 6A). The maximal lev- 
els of HI thymidine incorporation correlated with the number 
of receptors expressed on these cells and the EC go values cor- 
related inversely with the number of receptors (Fig. 65). It is 
interesting that the basal levels of [^H] thymidine incorporation, 
correlated with the receptor number as well, suggesting that 
receptors can preassociate and signal weakly in the absence of 
exogenous VEGF. All of the transfectants containing the KDR 
1-3 construct expressed much lower levels of receptors which 
may suggest that domains 4-7 are important for high level 
expression and display of the receptor. 

Antagonism of VEGF Receptors by- the Single -site Met- 
erodimer of VEGF-^GivQu the abiUty of hV-1 to bind but not ' 
dimenze and activate KDR" (Fig.. 5), we studied its abihty to 
antagonize signahng of KDR. Indeed the heterodimer antago- 
nizes PH] thymidine incorporation in the 3T3 cells transfected 
with the chimeric KDR (l-7)-Flt-4 receptor and HuVEC with 
an IC50 of and -20 nM, respectively (Fig. 7). The fact that 

the heterodimer is less effective on the 3T3- transfected cells 
versus HuVEC likely reflects the fact that the former expresses 
much higher levels of receptors (Fig. 6.4.). 
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[VEGF variant] nM 

Fig. 5. The agonistic effects of VEGF variants on DNA synthe- 
sis of 3T3 cells stably expressing KDR 1-7 (ECD)/F'lt4 (ICD) 
(Panel A), KDR 1-3 {ECD)/FU-4 (ICD) (Panel B), or HuVEC 
(Panel C). Cells were treated for 18 h with either VIEGPg^^og (open 
squares) or the VEGFi.iqq heterodimer with single binding site, hV-1 
(closed circles)- Cells were pulsed with [^Hl thjonidine for 6 h and ana- 
lyzed as described under "Experimental Procedures." 



DISCUSSION 

KDR Binds Across the VEGF Dimer Interface—The data here 
combined with previous mutational analysis (9) suggest that 
binding occurs across the VEGF dimer interface (Fig. 2A). It 
may be a general feature of the cystme-knot hormones that the 
receptor binds at the interface between hormone subunits. A 
structure of domain 2 of the, Flt-1 receptor bound to VEGF 
shows it binds across the dimer interface (23). A heterodimer 
contammg one molecule of VEGF linked to its homolog, PLGF, 
is only 20-50-fold reduced as a mitogen on HuVEC cells (ECgo 
— 50 um) whereas the PLGF homodimers are inactive (24). The. 
fact the VEGF/PLGF heterodimer shows any activity can be 
rationalized from our mutational analysis (Table III). Some of 
the cntical bmding determinants (Phe-17, Glu-64, Gln-79, and 
ne-83) are conserved in PLGF and others are reasonably con- 
servative substitutions (MlSQ, I43V, Y45H and -UeM). These 
later substitutions would likely have a much more dramatic 
effect when present in both subunits, thus accounting for the 
absence of significant mitogenic activity for the PLGF ho- 
modimer up to the concentrations that were tested (~1 /im). 
Similar observations have been made for homodimers and het- 
erodimers of PDGF (isoforms AA, .'\J3, and BB) for binding the 
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Fig. 6, 3T3 cells stably e^qp res sing varying axaounts of KDR 1-7 
{ECD)/Flt-4 (ICD) receptor respond to VEGFs^ioe with different 
values of EC^o and maximal response. Panel A, three different 3T3 
cell clone3 expreasmg varying amounts of the KDR 1-7 (ECD)/Flt-4 
(ICD) were isolated and ranked according to the amount of functional 
binding sites for VEGF as determined by specific binding of ^"^I- 
VEGFi_^g5. The same number of 3T3 cells from transfectad clones 1, 2, 
and 3 or HuVEC were plated on the 24-well plate. The '-*I-VEGFi_,ti6 
(0.1 nM} was added with (open bar) or without (filled bar) a 2 00- fold 
molar excess of cold VEGF^.tss for 2 h and cells were waahed and 
counted. Panel B, these same cell lines were treated with increasing 
concentrations of VSGFg^iog and PHlthymidme incorporation was 
measured. The three dones of 3T3 cells expressing KDR l-7/Flt-4. NEO 
transfected control cells, and HuVEC were fasted and treated with 
serial dilutions of VEGFa.jog 13 ^- Cells were pulsed with pHlthy- 
midine for 6 h before harvesting as described under "Experimental • 
Procedures." 



PDGF-a and -j3 receptors (25). Mutational analysis of nerve 
growth factor, another member of the cystine-knot family of 
dimeric hormones, shows a broad patch of residues involved in 
binding receptor that spans the interface between subunits 
(26). 

, Requirements and Consequences for Receptor Dimer izaiion — 
Hormone-induced receptor dimerization is a general mecha- 
nism for activation, of tyrosine kinase receptors; (27). All recep- 
tors that bind cystine-knot hormone dinaers are presumed to be 
activated by receptor dimenzatipn (6). Here, gel filtration ex- 
periments provide in uitro evidence that VEGF binds two mol- 
ecules of the extracellular domain of KDR. The dimerized com- 
plex appears to be ven^ stable since excess VEGF is unable to 
dissociate the complex to 1:1 complex. This dimenzation reac- 
tion is critical for signaling because the VEGF heterodimer,- 
hV-l, with only one functional site is inactive in cell-based 
assays and antagonizes the action of wild-type VEGF. Receptor 
dimerization is also supported by the observation that cell- 
based assays show a bell-shaped dose-response curve with re- 
spect to VEGF. PDGF isoforms have been shown to induce 



Binding and Signaling of the Kinase Domain Receptor 



11203 




(VEGF variant) nM 

Fig. T. The antagoaistic effects of VEGF single site het- 
erodimer (hV-1) on DNA svnthesis of 3T3 ceiis stably expressing 
KDR 1^7 (ECD)/FIt-4 (ICD) (Panel A) or HuVEC (Panel B). Cells 
■were incubated with either -0.1 rm VEGFg^iog (for 3T3 cells) or 1 nM 
,VEGFa^vo9 (HuVEC) to induce BG% maxirnaa incorporation of PH] thy- 
midine together with increasing concentrations of the- hV-l. ■ 



dimerization of the extracellular domains of the PDGF-a and 
receptors in uUroi2S), Binding of the dimeric hormone, SCF, to 
the extracellular domain of the Kit receptor, a tyrosine kinase 
receptor of the IgG class, causes dimerization in vitro (29-31), 
and induces a bell^shaped dose-response curve in uiuo (30). 

Predimenzed forms of KDR bind ATE GF 100-fold more tightly 
than monomeric forms of KDR showing a strong avidity com- 
ponent in bmdmg. Dimeric receptor fusion proteins, such as 
IgG fusions, or receptors bound to monoclonal antibodies are 
often used as convenient assay reagents for hormones and their 
vanants. The data presented here show that there is a signif- 
icant avidity component to bmding in these fusions that affects 
the affinity constants. The avidity effect observed here is not 
the result of an alternate way that VEGF biiids the dimeric 
KDR because alanine mutations in VEGF that, are most dis- 
ruptive to binding monomeric KDR are also the ones that most 
affect binding to dimeric KDR (Table III). 

We observed that wild-type VEGF^.^q^ bmds about 100-fold 
more tightly than the single-site heterodimer to. ceils express- 
ing KDR 1-7 (not shown). This suggests that receptors on cells 
may be loosely associated. Moreover, NTH 3T3 cells expressing 
larger numbers of VEGF receptors showed a higher basal level 
of pHlthymidine incorporation in the absence of VEGF (Fig-. 
6B), suggesting that receptors on cells have an intrinsic ability 
to dimerize in the absence of Ugand. Similar observations have 
been made for cells overexpressing various tyrosine kinase 
receptors," such as variants of the EGF receptor (27). Overex- 
pression of the PDCjF receptors can mduce receptor autophos- 
phorylation in the absence of Ugand, and it is even possible to 
cross -Unk small amounts of the extracellular domains in the 
•absence of PDGF (23). The. fact we did not see evidence for 
dimerization by gel filtration of the ecodomains of KDR 1-7 or 
1-3 in the absence of VEGF may only reflect the sensitivity of 



the method . and that the receptors have a much higher effective 
concentration on cells than in our solution experiments 

(-1 JLX.M). 

Deletion experiments showed that domains 2-3 of KDR are 
sufficient and necessary for high affinity binding of VEGF 
(Table I). Ceils can signal when cransfected with KDR domain 
1-3 Unked to Flt^, even with low receptor expression, suggest- 
ing that domains 4-7 are not essential for signaling. We cannot 
rule out other roles for these domains; they may stabilize the 
signal transduction complex auid/or provide for better display 
and expression of the receptor. Systematic deletion experi- 
ments have been conducted on at least four other tyrosine 
kinase receptors of the IgG class, and generally show that 
. binding is dominated by IgG- like domains 2-3. Deletion exper- 
iments showed the first three of the five IgG-like domains in 
the Kit receptor are required for binding of SCF, but there is 
uncertainty regarding the role of domain 4 in signaling (30, 31), 
An antibody directed toward domain 4 blocked' signaling in 
cells transfected with Kit, and deletion of domain 4 blocked 
signaling but not stem cell factor binding (30). In contrast; 
biophysical experiments (31) showed that Kit 1-3 can dinaerise 
in solution with stem cell factor and both the enthalpy and free 
energy of binding were indistinguishable from Kit 1-5. In ei- 
ther case, both groups agree that the ligand-binding site for 
stem cell factor is contained in the first three IgG-like domains. 

Deletion analysis of PDGF-a receptor, which contains five 
IgG-like domains, has shown that domains 2-3 are sufficient 
for binding PDGF vsoforms although the presence of domain 1 
has a small differential effect on binding PDGF-AA versus 
PDGF-BB (32), Deletion analysis of the fibroblast growth factor 
receptor, which contains tiiree IgG-like domains, showed that 
domains 2-3 are sufficient for high affinity binding of fibroblast 
growth factor (33). Deletion experiments in Flt-1, which like 
KDR contains seven IgG-like domains, have shown , that the 
VEGF -binding site is located among the first three IgG-like 
domains (34-36) and domain 2 of Flt-l alone can bind VEGF 
tightly. (23). Thus, domain 2 may plays a dominant role in all 
five of these tyrosine kinase receptors that have IgG-like . do- 
mains and may be general to the other members of this class. 

Mechanism-based Antagonsits of VjSGi^"— Antagonists to 
VEGF may be very useful m preventing tumor angiogenesis 
and retinopathy diseases. Here, we have elucidated the func- 
tional requirements for receptor binding and activation and 
designed an antagonist, hV-1, for the proliferation of HuVEC 
cells based on this knowledge. The fact the IC50 of hV-1 for 
inhibiting VEGF in HuVEC (--20 nM) is ~ 100-fold higher than 
the EC50 of VEGF stimulating growth (-0.2 nM) likely reflects 
the avidity effect described above. We beUeve the hV-l antag- 
onize VEGF stimulation of HuVEC. by blocking- the dimeriza- 
tion of KDR since KDR is more important for aignahng mito- 
gensis. However, the hV-1 does, bind FU-l with near wild-type 
affinity and we are currently looking at its ability to activate 
FU-1. Alanine scanning of both receptor-binding sites on VEGF 
suggests that the binding sites for KDR and Flt-1 overiap and 
are not identical (9, 23, 37). Based on these results it should 
also be possible to design receptor specific antagonists and 
further elucidate the functions of the two receptors. Overall, 
these studies provide a basis from which we can produce new 
analogs of VEGF to both probe its biology and generate new 
■.and potent therapeutics. 
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EXEMPL.^Y PORTIONS OF HGS EVIDENCE DEVOTED TO 
EXPERIMENTATION TO TRY TO COMPLETE THE VEGF2 INVENTION 

-Further experimentation suggested by Dr. Mattick in order to understand the VEGF2 
invention or how to make it work: 

AJMl 3.15 Computer analysis of sequence for signal 

peptide. 

AJMl 3.16-19' Expression of protein from DNA. 

AJMl 3.18 Overcoming obstacle of realizing that protein 

doesn't express because signal sequence is 

missing or faulty. 

AJMl 3.33 ^ ■ Experimentation to express a biologically active 

■ VEGF2 

AJMl 3.34 . Experimentation to obtain VEGF2 

polynucleotide sequences. 
AJMl 4.3-4.13' ; Experimentation to express VEGF2 

notwithstanding, "the fact that the signal 
sequence information was incomplete" in the 
opposed application. . 
^ AJMl 4.15-4.16 Confirming biological activity, suggestion of 

collaboration 

. AJMl 4.64-4.68' Experimentation to produce fragments 

analogues and denvatives, and identification of 
such molecules 

AJMl 4.77 Expression of incomplete sequence 

AJMl 4.82-4,83 Production of antibodies and detennmation of 

VEGF2 activity ' ,. ■ . 

Further expenmentation suggested by Dr. Gamble in order to understand the VEGF2 

invention or how to make it work: 

AJGl 5,.14-5.19 ■ Assaying for angiogenic properties 

AJGI 7.9-7.10 Testing for in vivo or in vitro activity 

AJGl 7.11 Distinguishing between gi'owth factors 

AJGl 7.20 .\ntibody production ; - " "■ ■ 



AJGl 7.35 



Experimentation to produce fragments 
analogues and derivatives 



Further experimentation suggested by Dr. Hayward m order to understand the VEGF2 

invention or how to make it work: 

ANEl 3.1 1-3.12 Designing suitable hybridization conditions 

ANHl 3.19-3.21,4.20 Use of heterologous signal sequence 

ANHl 3.25 . ■ - 5' end cloning 

ANHl. 3.27 Testing for a biological activity , 

ANHl 3.29 Testing VEGF2 in proliferation, angiogenesis 

and wound healing assays , ^ 
ANHr3.34 Testing of receptor binding 

"ANHl 4.4 ■ Activity assays 

ANHl 4.26-4.27 Redesigning Example 2 in the application in 

order to atternpt to achieve the results that were 
■ reported 

Further expenmentation suggested by Dr. Rapoport in order to, understand the VEGF2 
invention or how to make it work: (essentially entire declaration, devoted to 
identifying signal peptide defect in patent application, and then trying to overcome it.) 

Further experimentation suggested by Dr. Aaronson in order to understand the 
VEGF2 invention or how to make it work: 

ASAlatl6 Engineering a heterologous signal sequence 

Further experimentation suggested by Dr. Power in order to understand the VEGF2 
invention or how to make it work: (Entire Declaration devoted to signal peptide 
experiments which are not based on the apphcation's teachings.) 
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EXEMPLARY PORTIONS OF HGS EVIDENCE DEVOTED TO 
CAT.^OGUING PREDICTIONS IN THE PATENT APPLICATION 

Cataloging by Dr. Mattick of statements, unsupported predictions, and. other unsupported 

excerpts of the HGS application: 

AJMl 3.25, 3.30-3.31 (Alleged uses of VEGF2 - no supporting data) 
AJMl 3.32 and JSM-4 Table 1 (essentially a table of contents for application.) 
AJMl 4.3 and 4.5-4.1 1 (overcoming signal sequence issue) 
AJMl 4.18-4,24 (biological properties of VEGF2 and theoretical uses) 
AJMl 4.30 and 4.39 (hybndization conditions and control thereof) 
' AJMl 4.67 (testing for activity) 
. AJMl 4.70 and 4.73 (gene dierapy and treatments) 
AJMl 4,77 (heterologous signal sequence usage) 
AJMl 4.82-4.83 (antibody production) 
AJMl 4.10^8 (antagonists) 

Cataloging by Dr. Gamble of predictions and' other unsupported excerpts of the HGS 
■application; 

AJGl 6.5 (prediction of processing) . 
AJGl 6.6 (expression systems) ^ 
AJGl 6.7 (activity assays) 
; AJGl 6.8-6.8.11 (list like Mattick) 
AJGl 7.1 1 ( assays for fragments, etc) 
AJGl 7,15-7.18 (angiogenic assays) 
AJGl 7.20 (generation of antibodies) 
AJGl 7,24 (prediction of processing) ^ . . 
AJGl 7.35 (generation of fragments) 

Cataloging by Dr. Hayward of predictions and other unsupported excerpts of the HGS 
application: 
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THE CLAIMS DEFINING T HE INVENTION ARE AS FOLLO^/ VS ^' 

An isolated polynucleotide comprising a polynucleotide sequence selected from 
the group consisting of:- ' ■ - 

(a) a polynucleotide "sequence encoding a, polypeptide compnsing an 
amino acid sequence as set forth in SEQ JD N0:2; 

(b) a polynucleotide sequence encoding a polypeptide comprising an 
amino acid sequence as set forth in SEQ ID N0:4; 

■(c) a polynucleotide sequence- encoding, a polypeptide comprisiiig amino 
acid 39 to amino acid 233 of SEQ ID N0:2; , ^ 

(d) a polynucleotide sequence having at least ■_ 70% identity to the 
polynucleotide sequence of (a), (b) or (c) and encoding a polypeptide having TNF-. 
delta and/or TNF-epsilon activity; 

. (e.) ■ a polynucleotide sequence comprising at least 30 contiguous bases of 
the polynucleotide sequence of (a), (b), (c) or '(d) and encoding, a polypeptide 
having TNF-delta and/or TNF-epSflon activity; 

(f) a polynucleotide sequence comprising at least 50 contiguous bases of 
the polynucleotide sequence of (a), (b), (c) or (d)'and- encoding a polypeptide 
having TNF-delta and/or TNF-epsilon activity; 

(g) a polynucleotide sequence comprising a fragment of the 
polynucleotide sequence of (a), (b), (c) or (d), wherein said fragment encodes a 
polypeptide that retains TNF-delta and/or TNF-epsilon activity; 

(h) a polynucleotide sequence of (g) which encodes at least 30-50 amino 
acids of SEQ ID No's 2 or 4; and . 

(i) a . polynucleotide sequence, which is complementary to the 
polynucleotide sequence of (a), (b), (c), (d), (e), (f), (g) or (h). ■ 

The polynucleotide of Claim 1 wherein the polynucleotide is DNA, 

The polynucleotide of Claim 1 wherein the polynucleotide is.RNA. 

The polynucleotide of Claim 1 wherein , the.polynucleotide is genomic DNA. 

The polynucleotide of Claim 2 which encodes a polypeptide comprising the amino 
acids of SEQ JD N0:2. 
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6. The polynucleotide of Claim 2 which encodes a pohypeptide composing amino 
acid 39 to 233 of ,SEQ ID N0:2- 

7. The polynucleotide of Claim 2 which encodes a polypeptide comprising the amino 
. acidsof SEQ ID N0:4. 

8. The poiynucleotide of Claim. 2 which encodes a polypeptide comprising the amino 
acids 1, to 188 of SEQ ID N0:4. 

9. An isolated polynucleotide compnsing a polynucleotide selected from the group" 
consisting of:- ^ r 

(a) a poiynucleotide which encodes a nnature polypeptide having the amino 
acid sequence expressed by the human cDNA contained in ATCC Deposit No, 
97377; ' . . 

(b) a polynucleotide which encodes a mature polypeptide having the amino 
acid sequence expressed by the human cDNA contained in ATCC Deposit No. 

- .97457; . ' ■ ' • ' . . " 

(c) a polynucleotide sequence having at least ^70% identity to the 
polynucleotide sequence of (a) or (b) and encoding a polypeptide having TNF-deita 
and/or. TNF-epsilon activity; ■ ' 

(d) a polynucleotide sequence compnsing at least 30 contiguous bases of 
the polynucleotide of (a), (b) or (c) and encoding a polypeptide having TNF-delta 

' and/or TNF-epsilon activity; ^ 

(e) a polynucleotide sequence compnsing at least 50 contiguous bases of 
the polynucleotide sequence of (a), (b) or (c) and encoding, a polypeptide having 
TNF-delta and/or TNF-ep,si(on activity; \ - ; 

(f) a polynucleotide comprising a fragment of the polynucleotide of (a), (b) 
or (c), wherein said fragment encodes a polypeptide that retains TNF-delta and/or 
TNF-epsilon activity; 

(g) a polynuoleotide sequence of (f) which encodes at least 30-50 amino 
. acids of the polypeptide encoded by ATCC Deposit No's 97377 or 97457; and 

(h) a polynucleotide which is complementary to the polynucleotide of (a), 
(b). (c).(d), (eUf)or(g):- 
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10. The polynucleotide of Claim 1 comprising from nucleotide 447 to nucleotide 1717 
of SEQ ID N0:'1. 

11. The polynucleotide of Claim 1 comprising from nucleotide 332 to nucleotide 1717,' 
of SEQ ID N0:1. 

12. The polynucleotide of Claim 1 comprising from nucleotide 1 to nucleotide 564 of 
■ SEQiDN0:3, 

13. A vector Gompnsingjhe DNA of Claim 2. . 

14. A host cell comprising the -vector of Claim 13. , ' . 

15. A process for producing' a polypeptide comprising expressing from the' host cell of 
; Claim 14 the polypeptide encoded by the DNA in said vector. , 

16. A process for producing a cell comprising genetically engineering the cell with the 
vector, of Claim 12 to thereby express the polypeptide encoded by the human 
cDNA contained in the vector. 

17. A polypeptide compnsing a member selected from the group consisting .of> 

(a) a polypeptide having an amino acid sequence as set forth in SEQ ID - 
N0:2; ' 

(b) a polypeptide having an amino acid sequence as set forth in SEQ ID 

NO:4; 

(c) ' a polypeptide comprising amino acid residues 39 to 233 of SEQ ID 
N0:2; ' 

(d) a polypeptide comprising amino acid residues 1 to 188- of SEQ JD 
N0:4; • ; ■ ; : - ^ ^' " 

^(e) . a polypeptide, having at least a 70% identity to the polypeptide of (a), 
(b), (c) or (d) and having TNF-delta and/or TNF-epsiion activity; 

. (f) a polypeptide comprising at least 30 contiguous amino acid residues of 
the polypeptide of (a), (b), (c), (d) or (e) and having TNF-delta and/qr TNF-epsilon 
activity; 
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18, The polypeptide of Claim 17 wherein the polypeptide comprises amino acid 1 to 
amino acid 233 of SEQ ID N0:2., ■ 

.19. The polypeptide of, Claim 17 wherein the polypeptide comprises amino acid 39 to 
amino acid 233 of SEQ ID N0:2, 

20. The polypeptide of Claim 17 wherein the polypeptide comprises amino acid 1 to 
amino acid 1,88 of SEQ ID N0:4. ' 

21. A compound which i.nhibits activation of the polypeptide of Claim 17/ 

-22. A. method for the treatment of a patient having need of TNF delta comprising 
' administering to the patient a therapeutically effective amount of the polypeptide 
:of Claim 17, \ ■ ■ ' . 

23-. A method for, the treatment of a patient having need of TNRepsilon comprising 
administering to. the patient a therapeutically effective amount of the polypeptide 
of Claim 17. - 

24. A method of Claim 22 wherein said therapeutically effective amount of the 
polypeptide is administered by providing to the patient DNA encoding said 

■ polypeptide and expressing said polypeptide /n wVo. 

25. A method of Claim 23- wherein said, therapeutically effective amount of the 
polypeptide is administered by providing to the patient DNA encoding said 
polypeptid,e and expressing said polypeptide /n wvo. 

26. A method for the treatment of a patient having need to inhibit a TNF delta 
polypeptide comprising administering to the patient a .therapeuticaHy' effective 
amount of the compound" of Claim 21 . ; 

'27. A method for the treatment of a patient having need to inhibit a TNF epsilon 
polypeptide .comprising administering to the patient a therapeutically effective 
amount of the compound of Claim, 21 . 
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■28. A process for diagnosing a disease or a susceptibiiity to a disease related to an 
under-expresoion of the polypeptide of Claim 17 comprising determining a 
mutation in a nucleic acid sequence encoding said polypeptide. 

29. A diagnosis process comprising analysing, for the presence of the polypeptide of 
claim 17 in a sample derived from a host. 

30; A method for identifying compounds which' bind to and inhibit activation of the 
polypeptide of Claim T7 com'pnsing> , . 

contacting a cell expressing on the surface thereof a receptor for the 
polypeptide, said receptor being associated with a second 'Gomponent capable of 
providing a detectable signal in response to the binding of a compound to said 
receptor, with an analytically detectable TNF.delta polypeptide and a compound 
under conditions to permit binding to the receptor; and . ■ ^ 

determining whether, the. compound binds to and inhibits the receptor 
by detecting the absence, of . a signal generated from the interaction of the TNF 
delta with the receptor. 

31. An .isolated polynucleotide comprising a polynucleotide sequence having .at least 
90% identity to a member of the group (a), (b), (c), (d), (e), (f); (g) or(h) in claim 1 
and encoding a polypeptide having TNF-delta and/or TNF-epsilon activity. 

32. An isolated polynucleotide compnsing a polynucleotide sequence having at least 
95% identity to a member of the group (a), (b), (c), (d), (e), (f), (g) or (h) in claim 1 
and encoding a polypeptide having TNF-delta and/or TNF-epsilon activity. 

33. An isolated polynucleotide comprising a polynucleotide sequence encoding a ' 
polypeptide with TNF-delta and/or TNF-epsilon activity and which hybridises, to 
the complement of the polynucleotide set forth in SEQ ID N0:1 wherein said 
hybridisation occurs under conditions, comprising hybndisation ' in a buffer 
consisting' of 7% SOS, 0.5 M NaPOa pH 7.4 at "65^C and wash in a solution 
consisting of 0.5 x SSC, 0.1% SDS at 60°C. , 



'34, An isolated poiynuclebtide comprising a polynucleotide sequence encoding a 
polypeptide with TNF-delta and/or TNF-epsilon activity and which hybridises to 
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the complement of the polynuciectide set forth in SEQ ID N0:3 wherein said 
hybridisation occurs- under conditions comprising hybridisation in a buffer 
consisting- of 7% SDS. 0.5 M NaP04 pH 7:4 at oS'^C and wash in a solution 
consisting of 0.5 X SSC, 0.1% SDS at 60^C. 

35. The isolated polypeptide of Claim 17 wherein said .polypeptide comprises an 
. amino acid sequence having at least 90% identity to a member of- said group (a), 
(b), (c), (d). (e) or (f) and retains TNF-delta and/or TNF-epsilon activity. 

36: The isolated polypeptide of Claim 17 wherein said polypeptide comprises an 
amino acid sequence having at least 95% identity to a member of said group (a), 
■ (b), (c), (d), (e) or (f) and retains TNF-delta and/or TNF-epsilon activity. - 

37. An isolated polynucleotide according to any one of. Claims 1 to 12 or a vector 
according to Claim 13 or a host cell according to Claim 14 or a process according 
to Claims 15 or 1& or a polypeptide according to any one of Claims 17 to 20 or a 
compound according to Claim 21 or a method according, to any one of Claims 22 
to 30- or a polynucleotide according to any one of Claims 31 to 34 or a polypeptide , 
according to. Claim 35 or 36 substantially as hereinbefore described with 
. reference to the Figures and/or Examples. 
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' ^.54) Title: ■ TUMOR NECROSIS FACTOR-GAMMA ^ 
(57) Abstract 

A human TNF-gamma polypeptide and DNA (RNA) encoding, such polypeptide and a procedure for producing such polypeptide by 
recombinant techniques is disclosed. Also disclosed are methods for utilizing such polypepddc to inhibit cellular growth, for example, m a 
tumor or cancer, for facilitating wound-healing, to provide resistance against infection, induce inflammatory acdvitics, and stimulating the 
growth of certain cell types to treat diseases, for example restenosis. Also disclosed arc diagnostic methods for detecting a mutation m the 
TNF-gamma nucleic acid sequence or an^ overexpression of the TNF-gamma polypepddc. Antagonists against such polypeptides and dieir 
use as a dierapeutic to treat cachexia, septic shock, cerebral malaria, inftammation. arthritis and graft-rejection are also disclosed. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: " ' 

r. An isolated polynucleotide which encodes a tumor necrosis tactor (TNE-y) 
polypepdde, wherein said poly nucleodde comprises a nucleotide sequence selected 
from die group consisting of: 

(a) a nucleotide sequence encoding amino acid residues -25 to 149 of SEQ ID 
N0:2; . , ' ■ 

(b) a. nucleotide sequence encoding the full-length polypeptide encoded by the 
\ human cDNA contained in ATCC Deposit No. 75927; 

^ (c) a nucleodde sequence encoding amino acid residues 1 to 149 of SEQ ID NG:2; 

(d) a nucleodde sequence encoding the mature polypeptide encoded by the human 
cDNA contained in ATCC Deposit No. 75927; _ ,y 

(e) a homologue or analogue of any one of (a) to (d) , wherein said homologue or 
analogue is at least 70% identicaLtp any one of (a) to (d) and encodes a peptid 
polypepdde having TNF-y activity; . 

(f) a fragment of any one of (a) to (d), wherein said fragment comprises at least. 
30 condguous nucleotides in length derived from any one of (a) to (d); ■ 

(h) a -nucleotide sequence of at least 30 nucleotides in' length that is capable of 
hybridizing to any one of (a) to (e) wherein said nucleotide sequence encodes TNF-y 
or is derived from a nucleodde sequence that encodes TNF-y; and ; 

(i) a nucleotide sequence complementary to any one of (a) to (h). 

' - 2. The isolated polynucleotide of claim 1 wherein said nucleotide sequence 
encodes amino acid residues -25 to 149 of SEQ ID N0:2. 

3. The isolated polyriucleotide of claim L wherein said nucleotide sequence 
encodes amino . acid residues 1 to 149 of SEQ ID N.0:2; 

4. The isolated polynucleotide of claim 1 wherein said nucleodde sequence encodes 
the full-length polypepdde encoded by the human cDN A contained in ATCC Deposit 
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No. 75927. 

5. The isolated polynucleotide gf claim 1 wherein said nucleotide sequence 
encodes the mature polypepdde encoded by the human cDN A contained in ATCC 
Deposit No. 75927.- ■ ; . . ... 

6. : The isolated polynucleotide of claim 1 wherein die percentage identity to a 
homologue or analogue of any one of (a) to (d) is at least 95%.. v , 

7.. The isolated polynucleodde of claim 1 wherein the fragment of any one of (a) 
to (d) comprises at least 50 condguous nucleoddes in length derived from -any one of 
(a) to(d)- ■ 

8. An isolated polynucleodde which encodes a tumor necrosis factor (TNF-y) 
polypepdde, wherein said polynucleotide comprises the nucleotide sequence set forth 
as SEQ ID NO: 1 or at least 30 condguous nucleotide residues derived therefrom. 

9. An isolated polynucleotide which, encodes a tumor necrosis factor (TNE-y) 
polypepdde, wherein said polynucleotide comprises a nucleodde sequence which is 
identical to the nucleotide sequence of the human cDNA contained in ATCC Deposit 
No. 75927 or at least 30 condguous nucleotide residues derived therefrom... \ . 

10. An isolated, polynucleotide diat comprises a nucleotide sequence diat is 
complementary to the nucleodde sequence of the isolated polynucleotide according to 
claim 8. .. . 

11. An isolated polynucleodde that comprises a nucleotide sequence that is 
complementary to the nucleotide sequence of the isolated polynucleotide according to 
claim 9. 
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12. The isolated polynucleotide according to any one of claims 1 to 11 comprising 
DNA. . ^ ■ : 

13. The isolated polynucleotide of claim 12 wherein the DNA is genomic DNA. 

14. A vector comprising the isolated polynucleodde according to any one of claims 
1 to 13. 

15. A host cell transformed or transfected with the polynucleotide according to any 
one of claims 1 to 13 or the vector of claim 14. : — . . 

16. The isolated polynucleotide according to any one of claims 1 to 13 in operable 
connection with a heterologous regulatory sequence which controls gene expression. 

17. " ' A method of producing a polynucleotide which encodes TNF-y comprising 
hybridizing at least 30 contiguous nucleotides derived from SEQ ID N0:1 under 
strijagent hybridization conditions with nucleic acid for a time and under conditions, 
sufficient for hybridization to occur and then detecting said hybridization. 

18. A method of producing a tumor necrosis factor (TNF-y) polypeptide, said 
method comprising incubating- or growing the host cell of claim 15 for a time and ^ 
under conditions sufficient for expression of the polypeptide encoded by the 
introduced polynucleotide in said cell to occur. 

19. A mediod of producing a cell capable of expressing a a tumor necrosis factor 
(TNF-y) polypeptide, said metiiod comprising transforming or transfecting a cell with 
the vector of claim 14. / . 

20. A recombinant tumor necrosis factor (TNF-y) polypeptide when produced by 
the method of claim 18. ■ ^ 
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21. An isolated or recombinant tumor necrosis factor (TNF-y) polypeptide which 
comprises an amino acid sequence selected from the group consisting of: 

(a) amino acid sequence shown as residues -25 to 149 of SEQ ID NP:2; 
, (b) amino acid residues 1 to 149 of SEQ ID N0:2; : , 

(c) the amino acid sequence of the full-length polypeptide encoded by the human 
cDNA contained in ATCC Deposit No. 75927; - 

(d) the amino, acid sequence of the mature polypeptide encoded by the human 
cDNA contained in ATCC Deposit No. 75927; 

(e) the amino acid sequence of an analogue or derivative of any one of (a) to (d) 
wherein said analogue or derivative is at least 70% identical to any one of (a) to (d)- 
and has tumor necrosis factor (TNF-y) activity; and 

(t) a fragment of any one of (a) to (d) that is encoded by at least 30 contiguous 
nucleotide residues presentan SEQ ID NO: 1 or the human cDNA contained in ATCC 
Deposit No. 75927 or a degenerate nucleotide sequence thereto. 

22. The isolated or recombinant polypeptide of claim 21 comprising amino acid . 
residues-25 to 149 ofSEQ IDNO:2. ^ : 

23. . The isolated or recombinant polypeptide of claim 21 comprising amino acid 
residues 1 to 149 of SEQ ID N0:2.^ 

24. The isolated or recombinant polypeptide of claim 21 comprising die amino acid 
sequence of the full-length polypeptide encoded by the human cDNA contained in 
ATCC Deposit No. 75927. ' ■ ' ' 

25. The isolated or recombinant polypeptide of claim 21 comprising the ammo acid 
sequence of the mature polypeptide encoded by the human cDNA contained in ATCC 
Deposit No. 75927. ; - 

26... An antibody which binds specifically to the isolated or recombinant. 



polypeptide according to any one of claims 20 to 25. 

27. ■ A compound which antagonises the activity of the polypeptide according to any 
one of claims 20 to 25 or a naturally-occurring fonn of said polypeptide, wherein said ' 
compound was not known previously to antagonise the activity of said polypeptide, 

28. A compound which agonises the activity of the polypeptide according to any 
one of claims 20 to 25 or a naturally-occurring form of said polypeptide, wherein said 
compound was not known previously to agonise the activity of said polypepdde. 

29. A method of treatment of a patient having need of human TNF^y comprising 
administering to the patient a therapeutically effective amount of the polypeptide 
according to any one of claims 20 to 25 or tlie compound of claim 28 or a composition 
comprising said polypeptide or said compound. 

30. A method of treatment of a patient having need to- inhibit human TNF-y 
comprising administering to the patient a tiierapeutically effective amount of the 
compound according to claim 27 or a composition comprising said compound. 

31. A pharmaceutical composition comprising the polypeptide according to any 
one of claims 20 to 25 in combination with a pharmaceutically acceptable carrier. 

32. \ The method of claim 29 wherein the polypeptide according to any one of 
claims 20 to 25 or the composition comprising said polypeptide is administered by 
providing to the patient DNA encoding said polypeptide and expressing said 
polypeptide m VIVO. 

33. A method of identifying a modulator of human TNF-y activity comprising: 
(a) combining endothelial ceils, Con A, [^H]thymidine, and a compound to be 

N\ tested for modulatory activity with the isolated or recombinant polypeptide according 
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to any. one of claims 20 to 25 for a time and under conditions sufficient for human 
TNF-y activity to sdmulate pHjthymidine incorporation into said endodaelial cells; 
and ' 

(b) determining die level of f H]daymidine incorporation in (a) compared to the 
[^Hjthymidine incorporation obtained in die absence of said compound, 
wherein a variation in [^H]thymidine incorporation indicates diat said compound is a 
modulator of TNF-Y. activity . ^ 

34. The method of claim 33 wherein die modulator of human TNF-y is an agonist 
of human TNF-Y activity. 

35.. - The method of claim 33 wherein the modulator of human TNF-y is an 
antagonist of human TNF-Y activity- 

36. _ A compound which agonises d:ie activity of human TNF-y when identified by 
the method of claim 34, wherein said compound was not known previously to agonise 
TNF-y activity. 

37. A compound which antagonises the activity of human TNF-y when identified 
by the method of claim 35, wherein said compound was not known previously to 
"antagonise TNF-y activity. , 

38. A method of diagnosing a disease in a subject or a susceptibility of a, subject to 
a disease, wherein said disease is related to a mutation in the TNF-y -encoding 
nucleotide sequences of said subject, and wherein said method comprises determining 
a mutadon in a nucleotide sequence of said subject which encodes TNF-y using the 
isolated polynucleotide according to any one of ^ claims 1 to 13 or a chemically- 
synthesised oligonucleotide comprising an identical nucleotide sequence thereto or a 
vector comprising said nucleotide sequence. . . . 
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39. The method according to claim 38 wherein the mutation is determined by 
comparing the nucleotide sequence of the subject which encodes INF-y with the 
nucleotide sequence of the nucleotide according to any one of claims 1 to 13, and 
wherein a ditference between said nucleotide sequences is indicative of the mutation, 

40. The method according to claim 38 or 39 when used to diagnose a tumor or a 
susceptibihty to a tumor in a subject. 

41 . A method of diagnosing TNF-y expression in a subject comprising analysing ^ 
a sample derived from said subject for the presence of the polypeptide according to 
any one of claims 20 to 25. 

42. The method accocding to claim 41 comprising contacting a biological sample 
derived from said subject with an antibody molecule capable of binding to the isolated 

or recombinant polypeptide according to any one of claims 20 to 25 for a time and under , 
conditions sufficient for an antigen-antibody, complex to form and then detecting said 
complex formed,- 

43. A mediod of inhibiting , tumor celh growth in a subject comprising' 
administering to the subject a therapeutically effective amount of the polypeptide 
according to any one of claims 20 to 25 or the pharmaceutical composition according 
to claim 31 for a time and under conditions sufficient for tumor growth to be ■ 
inhibited, 

44. . Use of the polypeptide according to any one of , claims 20 to 25 in the 
manufacture of a. medicament to inhibit tumor cell growth , induce cell adhesion or 
promote endothelial cell growth in a human or animal subject. 

45. Use of the isolated polynucleotide according to any one of claims 1 to 13 or the 
vector of claim 14 in the manufacture of a miedicrunent to inhibit tumor cell growth 
induce cell adhesion or promote endothelial cell growth in a hum.an oranimarsubject. ^ 
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46. The vector of claim 14 substantially as hereinbefore described with reference to 
the Figures and/or Examples. 

47. The host cell of claim 15 substantially as hereinbefore described with reference 
to the Figures and/or Examples, 

48. ' The method according to claim 18 substantially as hereinbefore described with 
reference to the Figures and/or Examples. 

49. The method according to claim 19 substantially as hereinbefore described with 
reference to the Figures and/or Examples. 
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Human Genome Sciences, Inc, 
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1 B IMMUNE RESPONSE 



A simple review of the immune response , . , definitions of standard 
terms .... Specific interactions between host proteins and foreign molecules 
control the strength and effectiveness of an immune response. Selective 
expansion or deletion of antigen-specific lymphocytes is the cellular basis of 
the response. 
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Structure of the antibody molecule ... generation of a functional immuno- 
globulin heavy- or light-chain gene .... Specific mechanisms have evolved to 
allow the production of a vast repertoire of antigen recognition sites. This 
repertoire allows an organism to respond to an extensive array .of foreign 
molecules. 
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Structure of antibody-antigen interactions . . . affinity .r. . avidity .... An- 
tibodies and antigens are held by a series of noncovalent bonds. The strength 
of the individual interactions and. the overall stability of an antibody-antigen 
complex determines the ultimate success of every immunochemical test. 



4 m ANTIBODY RESPONSE .j^aOffii^W^M^^^^ 37 

Molecular and cellular development of an antibody response . . . multiple steps 

of a primary or secondary antibody response The generation of a strong 

antibody response relies on cell-to-cell communication among B cells, helper 
T cells, and antigen presenting cells. Manipulating these interactions allows 
the tailoring of a response to a chosen antigen. _ 

. m ■ 
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IMMUNIZATIONS 



Designing the Peptide 

Probably the most frequently asked question concerning synthetic 
peptides is what sequence should be used for the iminunogen (re- 
viewed in Doolittle 1986). Although there is no one correct answer, 
enough anti-peptide antibodies have been raised to make suggestions 
for peptide choices. However, preparing anti-peptide antibodies is ^till 
an empirical exercise. What works well for one. immunogen may fail 
completely for another. 

Choosing tlie Appropriate Peptide Sequence 

With careful synthesis, coupling, and immunizations, most sequences 
can be used to induce antibodies specific for the peptide itself. When 
considering which sequence to use, most people actually want to know 
how likely will it be that the anti-peptide antibodies will recognize the 
native protein. Early work suggested that peptides containing hy- 
drophilic amino acids (Hopp and Woods 1981, 1983; Kyte and Doolittle 
1982) and proline residues were more/ likely to be exposed on the 
surface of the native protein than other sequences, and many peptides 
have been prepared using these criteria. In assessing the value of 
these criteria, hydrophiiicity is requirecl but is not sufficient to predict 
the surface location of a particular sequence. Many strongly hy- 
drophilic amino acid sequences are buried in water pockets or form 
inter- or intramolecular bonds and are thus excluded from interactions 
with anti-native antibodies. Therefore, hydrophiiicity can be thought 
of as required but not sufficient for choosing peptide sequences (see p. 
661 for hydrophiiicity values)- Hydrophilic peptides are also more 
likely to be soluble for coupling reactions. 

The presence of proline residues in synthetic peptides originally was 
suggested because jS-turns often form portions of known epitopes. 
However, the presence of proline residues in peptides does not have 
much predictive value when antisera are tested for binding to the 
surface of native proteins. Although many excellent anti-peptide anti- 
sera have been prepared against sequences with proline residues, 
there is not sufficient evidence to target prolines when designing 
peptides. 

More recently, several workers have noted that carboxy-terminal 
sequences often are exposed and can be targeted for anti-peptide 
sequences. Although using carboxy-terminal sequences does not 
guarantee that the resulting antibodies will recognize the native pro- 
tein, a surprisingly high percentage will. Similarly, many amino- 
terminal regions are exposed, and these also may make good targets. 

Another potentially useful parameter for. selecting peptide se- 
quences is the "mobility" of the amino acid residues. Originally, it was 
noted that the regions of a protein that become epitopes often have a 
higher temperature than other regions, as determined by NMR and 
X-ray structure (Moore and Williams 1980; Robinson et al. 1983; 
Tainer et al. 1984; Westhof.et aL 1984). Higher temperature in crystal- 
lography and NMR distinguishes regions that are more mobile from 
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regions that are more static. These observations have led to the 
suggestion that stretches of amino acids that are more flexible are 
more likely to be epitopes. In the preparation of anti-peptide antibod- 
ies, when a peptide is coupled to a carrier molecule, it has a different 
local environment than in the original protein. When choosing a. se- 
quence for antibody production, a region of the protein that is' more 
flexible will be more likely over time to form a structure that is similar 
to the peptide-carrier conjugate. Although the measure of mobility 
may become a useful criterion for selecting good peptide sequences, it 
has not been tested in enough detail to determine whether it will have 
any predictive value. 

At present, a reasonable order of suggestions for choosing peptide 
sequences would be: . , 

If possible, use more than one peptide. 

Use the carboxyl-terminal sequence if it is hydrophilic and if a 
suitable coupling group is available or can be added. 
Use the amino-terminal sequence if it is hydrophilic and if a suit- 
able coupling group is available or can be added. 
Use internal hydrophilic regions; perhaps using longer peptides. 

Size of the Peptide 

The smallest synthetic peptides that will consistently elicit antibodies 
that bind to the original protein are 6 residues in length. Responses to 
smaller peptides are typically weak or will not recognize the. protein- of 
interest, either in a native or denatured state. Since epitopes consisting 
of smaller regions have been reported, the lower limit presumably 
reflects the difficulty of recognizing the smaller peptides coupled to 
carriers. With peptides of 6 amino acids or slightly larger, the re- 
sponses vary. Some will generate good antibodies and some will not. 
Generally, peptides of approximately 10 residues should be used as a 
lower limit for coupling. 

In the literature two strategies are suggested for peptide length. One 
school suggests using long peptides (up to 40 amino acids long) to 
increase the number of possible epitopes, while other authors argue 
that smaller peptides are adequate and their use ensures that the 
site-specific character of anti-peptide antibodies is' retained. Both 
strategies have been used successfully. Two important preliminary 
questions to consider are: (1) Does the anti-peptide serum need to 
recognize the native protein? If so, use longer peptides or prepare 
anti-peptide antisera against multiple peptides. (2) How good is your 
peptide synthesis facility? Peptides over 20 residues in length are 
increasingly difficult to synthesize, yielding, products with inappro- 
priate side reactions. Longer peptides also are more likely to contain 
residues that make the coupling to carrier molecules more difficult. 
The correct decison between peptides with 10-15 residues and longer"^ 
peptides will depend on the experimental design and will normally be a 
compromise between these factors. The safest choice, but also the 
most expensive, will be to prepare multiple small peptides of 10-15 
amino acids in length from various regions of the sequence. ~ 
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Coupling Strategy ■ 

When choosing the sequence for a synthetic peptide, one factor that 
of en IS overlooked is the method of coupling. Most coupling methods 
rely on the presence of free amino, sulfhydryi, phenolic, or carboxyllc 
acid groups. Free ammo groups used for coupling will be found on 
lysine side chams or on the amino-terminal residue. Sulfhydryi grouns 
rfrhnvj;?/" ^^J^te^e^ide chains, phenolic groups on tyrosines, and 
carboxyl c acid ^groups on aspartic acids, glutamic acids, and the 
carboxy-termmal residue. Coupling methods should be used that link 
t'JT^''' ' via^ either the carboxy- or amino-terminal 

residue. When preparmg antibodies against the carboxy-terminal re- 
gion of the protein, the coupling should be done through the amino 
terminus of the peptide. Similarly, the coupling for amino terminal 
fragments should be done through the carboxy-terminal region of the 
peptide. For internal fragments, the major consideration is that the 
peptide be coupled by an end and not through a central residue 

The easiest strategy to manipulate the type of coupling is to add an 
extra ammo acid on either the amino or carboxyl terminus to allow 
simple, one-site coupling to the carrier. Any coupling method that 
potentially can bmd to an internal residue should be avoided Similar- 
ly, coupling methods should be chosen that will bind to only one amino 
acid If possible. If multiple coupUng sites are possible, they should be 
localized to either the amino , or carboxyl terminus, and the coupling 
should be adjusted to link only through one site per peptide on 
average. It is important to remember that it is often easier to use 
different peptides than design elaborate coupling schemes 



Cfioosing tt)e Appropriate Carrier 

■Many different carrier proteins can be used for coupling with synthet- 
ic peptides, The two most commonly used are keyhole limpet 
hemacyamn (KLH) and bovine serum albumin (BSA). Both work well 
m most cases, but each has disadvantages. Because of its large size 
KLH is more likely to precipitate during cross-linking, and this can 
make handling KLH difficult in some cases. On the other hand, BSA is 
very soluble, but often is a good immunogen in its own right For most 
purposes, either carrier will be adequate. Use whichever is more 
convenient. 

Three other carriers that are used occasionally are ovalbumin 
mouse serum albumin, or rabbit serum albumin. Ovalbumin can be 
used as a good carrier for most purposes. It is also a good choice^for a 
second carrier when checking that antibodies are specific for the 
peptide itself and not the carrier. MSA or RSA may be used when the 
antibody response to the carrier molecule must be kept to a minimum 

BSA has 59 lysine (30-35 are available for coupling), 19 tyrosine 35 
cysteine, 39 aspartic acid, and 59 glutamic acid residues. Ovalbumin 
has 20 lysme, 10 tyrosine,. 6 cysteine, 14 aspartic acid, and 33 glutamic 
acid residues. 
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From genes to protein structure and function: 
novel applications of computational 
approaches in the genomic era 

Jeffrey Skolnick and Jacquelyn S. Fetrow 

■The genome-sequencing projects are providing a detailed 'parts lisf ofjife. A key to comprehending this list is understanding 
the function of each gene and each protein at various levels. Sequence-based methods for function prediction are inadequate 
because of the multifunctional nature of proteins. However, just knowing- the structure of the protein is also insufficient for 
prediction of multiple functional sites. Structural descriptors for protein functional sites are crucial for unlocking the secrets 
in .both the sequence and, structural-genomics projects. 



Genome -sequencing projects are providing a 
detailed 'parts list' for life. Unfortunately, this list, 
1 portion of which represents the ammo acid 
sequence of all the proteins .in a given genome, does 
not come with an instruction manual; That is,, given 
the.genomeVsequences, one does not necessarily kjiow 
straight away which regions encode proteins, which 
serve a regi.ilatory role and which are responsible for 
the structure and replicaa on of the DNA itself 
This is not unlike giving a child a list of parts nec- 
. essary to create a working automobile. Without the 
necessary expertise, creating the final, working car S:om 
just the micial parts list is a nearly impossible task. Simi- 
larly, understanding how co create a complete, func- 
doning cell given just the. sequence of nucleotides . 
found in an organism's genome is a complex problem. 

What is a protein function? 

After a genome is sequenced and its complete parts 
list determined, the next goal is to understand the func- 
tion(s) of each part, including that of the proteins. What 
do we mean by protein Rinction, the focus of this article? 

Function has many meanings. At one level, the pro- 
tein could be a globular protein, such as an enzyme, 
hormone or anribody, or it could be a structural or 
membrane-bound protein. Another level is its bio- 
chemical function, such as the chemical reaction and 
the substrate specihcity of an enzyme. The regulatory 
molecules or co factors that bind to a protein are also 
levels of biochemical function. 
At the cellular level, the protein's function would 

' involve its interacaon with other macromolecules and 
the funcdon and cellular location of such complexes. . 
There is also the proteins physiological funcrion; that 

■ is, in which metabolic pathway the protein is involved 
or what physiological role it performs. in the organism! 
Finally, the' p he no typ I c. tunc don is the role played by 
the protein m the total organism, which is observed by 
deled ng or mutating the gene encoding the protein. 

J. Skolnick (skoinick@danfortiu:enter.or^ is at the Oanforth Piant Science 
Center, Laboratory of Computational Genomics, 4047 Forest Park 
Avenue. Si Lot as, MO 631 OS, USA.J.S. Fnrow is at CemFonvatics, 
Suae 200, 5S30 Oberiin Dnue, Sitn Diego, CA 92121 •5154, USA. 



Obviously, the complete xharactenzadon of protein 
funcaon is difficult but efforts are under way at all levels ' , 
including cellular foncrion^-^. In this arricle, however, 
we focus on idenrifymg the biochemical function of a 
protein given its sequence, a problem that is amenable to 
molecular approaches. 

Sequence-based approaches to function 
prediction 

■ The sequence-to-funcdon approach is the most com- 
: monly .used funcdon-predicdon method. This robust 
field is well developed and,' in the interest of space 
limitadons, we will merely present a brief overvievv. 

There are two main flavors of this approach: sequence 
alignment^"^; and sequence-modf methods such - as 
Prosite^^ Blocks' ^ Prints'--'^ ^^d Emotif 1 Both the 
alignment and the motif methods are powerful but a 
recent analysis has demonstrated their significant limi- 
Cadons'S, suggesting that these medaods will increasiagly 
tail as the protein-sequence databases become more 
diverse. . ' 

An e.Ktension of these approaches that combuies 
protem-sequence with structural information has been 
developed and some successes have been reported'^'. . 
However, this method still apphes the structural infor- 
madon in a one -dimensional, 'sequence-like' fashion 
and fails to take into account the powerful three - 
■ dimensional information displayed by protein structures. 

In addition, proteins can gam and lose fiinction dur- 
ing evolution and may, indeed, have multiple functions 
in the cell (Box 1). Seqiience-to-function' methods 
cannot specifically identify these complexities, inaccu- 
rate use of sequence-to-function methods has led to 
significant function-annotation errors in the sequence, 
databases'^. 

An alternative approach , 

An alternative, complementary approach to protein- ■' 
function prediction uses the sequence-to-structure-co- 
function' paradigm. Here, the goal is to determine the 
structure of the protein of interest and then co identify 
the functionally important' residues, in that structure. 
Usmg the chemical structure itself to identify functional 
sites is more in line with how the protein actuary works. - 
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[n a sense, this is one long-cerm goal of 'struccuraJ 
^caoniics' projects '''^■''^ which are designed to decer- 
n\ine all possible protein folds experimentally, just 
n.s genome-sequencing projects are determining all 
. )rotem sequences-''. This is in contrast to cradidonal 
scruccurol-biology approaches, in winch one knows the 
protein's function first and only then, if the function is 
sufficienciy importanc, determines its structure. 

it IS impiicidy assumed that having the protein s struc- 
ture will provide insights into its function, thereby fur- 
thering the go:ils of the human-genonie-sequencing 
project. However, knowing a protein's thiree -dimensional 
■ structure is insufficient to determine its function 
(Box 2). What we really need to anaJyse and predict the 
nutltifunctional aspects of proteins is a method spe- 
cifically to recognize' active sites and binding; regions m 
these protein structures. 

Acliuc-sitc idennjiaition 

In order to use a structure-based approach to function 
prediction, one muse identify. the key residues respon- 
sible for a given biochemical acdvicy. For many years, 
It has. been suggested thac the acnve sites in proteins are 
better conserved than the overall fold. Taken to the 
limit, this suggests chat one could not only identify- dis- 
.. tant ancestors wkh the same global fold and: the same 
activity but also proteins with similar functions but 
distantly related, or possibly unrelated, global folds. 

The validity of this suggestion was de mo nstra ted- 
empirically by Nussmov and co-workers, who showed 
thac the acnve sites of eukaryotic serine proteases, sub- 
tilisins and sulflaydryl, proteases exhibit similar structural 
.motifs-'". Furthermore, "in a- recent modeling study of 
:■ ^^acclmromyces tcrevisiae proteins, protein functional sites' 
were found to be more conserved than other parts of 
the protein models--. Similady, it has been demon-, 
strated that the catalytic triad of the a/p hydrolases 
IS structurally better conserved than other hisCidine-. 
containing triads-^. A comparison of the structure of the 
hydrolase catalytic triad to other Jiistidine-containing 
triads shows a distinct bimodal distribution,, while a 
similar analysis done with a randomly selected triad shows 
a Linimodai distribution (Fig. 1). 

Kasuya and Thornton-^'^ generalized this example by 
creating structural analogs of a few Prosite sequence 
rnotifs'^l For the 20 mosc-frequently occurring Prosite 
patterns, the associated local structure is quite distinct.- 
These results provide clear evidence chat enzyme active 
sites are indeed more highly conserved than other parts 
of the protein. 

Identifying active sites in experimental stntctnres 
Historically, several groups have attempted to iden- 
' tity functional sites in proteins; these efforts were 
du-ected at protein engineering or building functional' 
sites in places where they did not previously.. exist. This 
has been successtully accomplished tor several metaJ- 
bindingsites-^^^^. However, loighly accurate functional- 
site descriptors of the backbone and side -chain atoms were 
required,, fueling the beliet chat significant atomic detad 
is required in site descriptors for function identiiication. 

Highly detailed residue side-chain descriptors of the 
ctive sites of serine proteases and related proteins have 
Deen used to identify functional sites-^. The use of these 
higlily decaUed motifs has led to the identification of- 



Box 1. Proteins are multifunctionar 



A common protein characteristic that makes functional analysis based 
only on homology especially difficult is the tendency of proteins to be 
multifunction^aL For instance, lactate dehydrogenase binds .NAD, sub- 
strate and zmc, and performs a redox reaction. Each of these occurs 
at different functional sites that are in close proximity and the combi- 
nation of all four sites creates the fully functional protein. 

Other examples of multifunctional proteins are the nucleic-acid-binding 
proteins. For instance, DNA regulatory proteins often contain a DNA- 
binding domain, a muitimerization domain and additional sites that bind 
regulatory proteins; a classic exarfiple is RecA^^. The 3C rhinovirus 
protease exhibits a proteolytic function as well as an RNA-binding' 
function°<^'6l Transcription factors are also -complex, multifunctional 
proteins^2, it js becoming increasingly important to recognize each of 
these different functions of gene products of a newly sequenced gene. 

The serine-threonine-phosphatasesuperfamily is a prime example of 
the difficulties, of using standard sequence analysis to recognize the 
multiple functions found in single proteins. This large protein family is 
divided into a number of subfamilies, ail of which contain, an essential 
phosphatase active site. Subfamilies i, 2A and 2B exhibit 40% or more 
sequence identity between them^^. However, each of these subfamilies 
is apparently regulated differently in the cell^^^^ and observation, sug- 
gests that there are different functional sites at which regulation can 
occur. Because the sequence identity between subfamilies is so high, 
standard sequence-similarity methods could easily misclassify new 
sequences as members of the wrong subfamily if the functional sites 
'are not carefully considered, as was recently demonstrated'^^/ 

These are but a few examples of the multifunctionality of proteins. 
The recognition of this multifunctional nature is of critical importance 
to the genomics field. Useful functional-annotation methods must con- 
sider ail of the specific functions in, a given protein and will not just 
provide a general classification of function. 



several novel functional sites in known, high-qualicy 
protein structures^-^^. More automated methods for 
finding spatial motifs in protein structures have also 
been descnbed-^-^^^^. 

Unfortunately, most of these methods require the 
exact placement of atoms within protein backbones and 
side chains, and so have not been shown to be relevant 
to inexact predicted structures. Recendy, however, we 
described the production of fuzzy, inexact descriptors 
of protein functional sices'-. As we wish to apply the 
descriptors to experimental structures as weD as to pre- 
dicted protein models, we used only carbon atoms and 
side-chain centers-of-mass positions. We call these 
descriptors Tuzzy functional forms' (FFFs) and have 
created, them for both the disulfide -oxidoreductase'^-"*-' 
and a/ (3 -hydrolase catalytic active sites--*. 

The disulfide-oxidoreductase FFF was applied' to 
screen high-resoiudon structures firom the Brookhaven 
protein database-^-. In a datasec of 364 protein structures, 
the FFF accurately identified all proteins known to 
exhibit the disulfide-oxidoreductase active site'^. In a 
larger dataset of 1501 proteins, the FFF again accurately 
idendfied all proteins with the acdve site. In addition, 
it identified another protein, Itjm, a serine— threonine 
phosphatase. This result was initially discouraging but 
subsequent sequence alignment and clustering analysis 
strongly suggested that this putadve site might indeed 
be a site of redox regulation in the serine-threonine 
phosphatase-! subfamily^^. If confirmed by experiment, 
this result will higlihght the advantages of using struc- 
tural descriptors to analyse multiple tlmcdonaj sites in 
proteins. It will also highlight the fact that human 
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Box 2. Knowing a protein's structure does not necessarily- 
tell you its function 



Because proteins can have similar folds but different functions^^-^^, 
determining the structure of a protein nnay or may not tell you some- 
thing about its function. The most weil-studied example is the (a/plg 
barrel enzymes, of which triose^hosphate isomerase (TIM) is the arche- 
typal representative. Members of this family have similar overall struc- 
tures but different functions, including different active sites, substrate 
specificities and cofactor requirements^'^-^^ 

Is this example common? Our own analysis of the 1997 SCOP data- 
baseS3 shows that the five largest fold families are the ferredoxin- 
like,, the (a/pl barrels, the knottins, the immunogiobulin-like and the 
fiavodoxin-like fold families with 22, 18, 13, 9 and 9.subfamiiies, respec- 
tively (Fig. i). In fact, 57 of the SCOP fold families consist of multiple, 
superfamilies. These- data only show the tip of the iceberg, because 
each superfamily is further composed of protein families and each indi- 
vidual family can have radically different functions. For example, the 
ferredoxin-tike 'superfamily contains families identified, as Fe-S ferredoxins, 
nbosomal proteins, DNA-binding proteins and phosphatases, among 
others. 

After this article was submitted, a much-more-detailed analysis of the 
SCOP database was published^^, jhis finds a broad function-structure 
correlation for some structural classes, but also finds a number of. 
ubiquitous functions and structures that occur across a number of fam- 
ilies'. The article provides a useful analysis of the confidence with which 
structure and function can be correlated^^^ Knowing the. protein struc- 
ture by itself is insufficient to annotate a number of functional classes 
and is also insufficient for annotating the specific details of. protein, 
function. 
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Figure i , 

Histogram of the numbers of superfamilies found in each- SCOP fold family. 
These data clearly show, that proteins with similar structures can have different 
functions and demonstrate the difficulhy of assigning protein function based 
simply on the three-dimensional structure. The data were taken from the 1997 
distnbution of SCOP (http://scop.mrc-lmb.cam.ac.uk/scop). For a more-detailed 
analysis, see Ref. 72. 



observation alone is no longer adequate for identifying 
all funccionaJ sices in known protein structures." 

To dnce, the use of structure to identify function has 
largely focused on high-resoludon structures. and highly 
detailed descriptors of protein tuncrional sices. How- 
ever, the Creadon of mexact descriptors for funcdonal 
sices opens the way-co the application of these methods 
to inexact, predicted protein models. The question 
remains; how good does a model have co be in order 
^tp use FFFs to identiiy its active sices? 



The state of the art in structure-prediction 
methods 

For proteins whose sequence idencicy is above -^30%, 
one can- use homology modeling to build the struc- 
ture'^'^. However, structure predicaon is far more difficult 
tor proteins that are not homologous co proteins* with 
known structure. At present, there are cwo approaches for 
these sequences: cii; imcio folding-^^'"^*^ and threading'^'^'^j 
In ab initio folding, one starts from a random confor- 
mation and then attempts co assemble the nanve struc- " 
cure. x\s. this method does not rely on a hbrary of 
pre-existmg tolds, it can be used co predict novel 
folds. The recent Ci\SP3 protem-structure-prediction 
experiment (http://PredicdonCenter.llnl.gov/CASPj). 
involved ^the blind predicnon of the structure of pro- 
teins whose acaial structure was about co be experi^ 
mentally determined. These results indicate that con- 
siderable progress has been made^^''54 p^j. helical and 

_ a/(3 proteins with less than 110 residues, structures 
were often predicted whose backbone root-mean- 
square devianon (RiVLSD) from native ranged from 
4-7 A. Progress is being made with cHb (3 proteins, too, 
although they remain problematic. Because ab initio 
. methods can identify novel to ids, these methods could 
be used to help to select sequences likely to yield novel 

. folds in experunencal strvictural-genomics projects. 

Another approach to terdary-structure prediction is 
threading. Here, for the sequence of interest, one 
attempts to find the closest matching structure. in a 
hbrary of known folds^--^^ Threading is applicable to 
proteins of up to 500 residues or so and is much fiscer 
than ab initio approaches. However, threading cannot 
be used to obtain novel folds. 

Ab initio predicted models can be used for automatic 
protein-function prediction 

The results of the recent CASP3 coniperition sug- 
gest that current modeling methods can often (but not 
always) create inexact protein, models. Are these struc- 
tures useful for idendfying funcdonal sites in proteins? 
Using 'the ab initio struccure-prediction program 
MONSSTER, the ternary structure of a glutaredoxm, 
lego, was predicted^^. For the lowest- energy model, 
the overdl backbone PJVISD from the crystal structure 
was 5.7 A. 

To determine whether this inexact model could be 
used for funcdon. idencificadon, the sets of correcdy 
and incorrecdy folded structures were screened with 
the FFF for disutfide-oxidoreduccase acdvity'^. The 
FFF uniquely idendned the acrive sice in the correcdy 
folded structure but not in die incorrecdy folded ones 
(Fig. 2). This is a proof-of-principle demonsrration th.it 
inexact models produced by ab inHio prediction of 
structure from sequence can be used for the subsequent 
prediction ofbiochenucai funcdon. Of course, improve- 
ments m the method have to be made before such 
predictions can<be done on a roudne basis. 

Use of predicted structures from threading in 
protein-function prediction 

At present, pracdcal limitations preclude folding an 
entire genome of proteins using ab initio methods 
Threading is more appropriate for acliieving the requisite 
high- throughput structure prediction. Thus, a stand- 
ard threading algorithm^" has been-used co-^^creen all 
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proceins in mne genomes for the disulfide-oxidoreducQse 
nccive site described above. 

■ Fu-sc, sequences chat, aligned with the structures of 
known disulfide oxidoreduetoses were identified. Then, 
the structure was searched for matches to the active- 
sice residues and geometry. For those sequences tor 
which other homoiogs were available, a sequence- 
conservation profile was constructed-^^. If the pucacive 
nctive-sice residues were not conserved in the sequence 
subfamily to which the protein belongs, that sequence 
was eliminated. Otherwise, the sequence is predicted 

to have the function. . 
. Usini? this sequence-to-scructure-to-hinccion method, 

99% of the proteins m the mne genomes chat have 
knov.m disulfide -oKidoreductase acavicy have been 
found. From 10% to 30% more functional predicoom 
are made than by alternanve sequence -based approaches; 
similar results are seen for the a/ [B hydrolases^. Sur- 
prisingly, m spite of the fact that threading algorithms 
have problems generating good sequence-co-structure 
■alignments, acuve sues are often accurately aligned, 
trven for very distant matches. This observadon would 
ngree with the above experimental results indicating 
that active sites are well conserved in protein structures'. 

■ Inaportandy, the false-positive rate when using scruG- 
tunil information is much lower than that found using 
sequence-based approaches, as demonscraced by a 
detailed comparison of the FFF structural approach and 
the Blocks sequence-modf approach (R Siew tff tiL, 
unpublished). In this < study, the sequences in eight 
genomes, including Bacillus subtilis, were analysed for 
disulfide-oxidoreductase tunccion using the disuifide- 
oxidoreductase FFF, the diioredoxm Block 00194 and 

■ he glucaredoxm Block 00195. If v/e assume that those , 
sequences idendfied by both the FFF and Blocks 
are 'true positives', we find 13 such sequences in the 
B. sub Li lis genome- 
There IS. no experimental evidence validadng all of 

these 'true posidves' and so they are more accurately 
termed 'consensus positives". In order to find these 13 
'consensus positive' sequences, the FFF hits seven false 
positives. On. the other hand, Blocks hits 23 false 
positives (Fig. 3). It was previously suggested that the 
use of a functional requirement adds miormation to 
threading and reduces the number of false posidves^-. 
These data, including'the data shown m Fig. 3, validate 
this claim on a genome-wide basis. 

Of course, as no genome has had the funcdon of all 
of its proteins experimentally armotated, it is imposs- 
ible to know how many other proteins with the speci- 
Ged biochemical tuncdon were not properly idendfied. 
This is a critical quesdon for researchers attempdng to 
predict protein function. Experimental confirmadon 
will be needed to validate, this, or any other method 
fully. This points out the need for closely coupling 
computadonal funcdon-predicdon algorithms with 
expenments. 

Weaknesses of using the sequence-to-structure- 
to-function method of funcdon predicdon 

. Based on studies to date, the identiHcadon of enzy- 
matic activity requires a model in which the backbone 
'v,MSD from native near the active sues is about 4-5 A. 

■ i^-edicted models are better at describing the geometry 
in the core of the molectde than in the loops and so 
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Figure I 

The distribution of rgot-mean-square distnbubons (RMSD) between the hydrolase 
catalytic triad and ati other histidine^:ontaining triads shows a bimodat distribution 
(a); by contrast the RMSD between a randomly selected (non-catalyticl triad and all 
other histidine-containing triads has a unimodal distribution (b). The His-Ser-Asp 
catalytic trial in the protein-1 gpi (Rp2 lipase) (a) and a randonn his tidtne-c on taming 
triad from 4pga (glutaminase-asparaginase) (b) were structurally aligned to alt His- 
containing triads in a database of 1037 proteins^^. Actual a/p4iydrolase active sites 
(a) and the 4pga site (b) are indicated by blue bars; other histidine triads that are 
not actve sites are indicated by red bars. None of the sites found by nnatching to the 
4pga were hydrolase active sites. Inset graphs show the full distribution. 

predicting the function of a protein whose acdve site is 
in loops may be a problem. Also, the method can cur- 
rendy only be applied to enzyme active sites; substrace- 
and hgand-bmding sices have not been idend&ed using 
the inexact models. Tecbiiques that will ftircher refine 
inexact protein models will be quite useful in taking 
the protein analysis to the next step. 

Conclusions " 

Although sequence-based approaches Co protein- 
function predicdon have proved to be very useflil, alter- 
natives are needed to assign the biochemical function 
of the 30-50% of proteins, whose function cannot be 
assigned " by any current methods. One emerging 
approach involves the sequence-co-strucmre-to-Rinction 
paradigm. Such structures might be provided by struc- 
turoi-genomics projects or by structure- predicnon 
algorithms. Functional assignment is made by screen- 
ing the residtine structure against a library of structural 
descriptors for tcnown active sices or binding regmns. ■ 
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Figure 2 

Appiication of the disulfide-oxidoreductase fuzzy functional form (FFF) to ab initio 
models of glutaredoxin created by the program MONSSTER shows that. the FFF can 
distinguish between correctly folded and misfoided (or higher-energy) models. The FFF 
is shown as'two orange balls (representing the cysteines) and a blue bail (represent- 
ing the proline). The protein models are shown as magenta wire models with the active- 
site cysteines and proline shown as yellow and cyan balls, respectively .The FFF clearly 
distinguishes the correct active site in the cn/stal structure of the glutaredoxin lego 
and the correctly folded, lowest-energy model. The FFF does not match to the active 
sites of any of the higher energy, misfoided structures, four of which are shown here. 
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Figure 3 

Analysis of the Bacillus subttlis genome using the thioredoxin Block 00 194, The Blocks 
score (computed using the publicly available BUMPS program) is plotted on the x axis 
and the number of sequencesTound in each scoring bin is plotted on the y axis. Those 
sequences identified as 'consensus positives' [identified by both the. fuzzy functional 
form (FFF) and the Block] are shown as red bars. One additional sequence found by 
the FFF, which is likely to be a true positive, is shown as a blue bar. All other 
sequences; putative 'false positives', are shown as yellow bars. Using ttie Blocks 
score at which alt 13. of the 'consensus positives' are found, 23 false positives are 
also found. In its analysis of the 8, suhtiiis genome, the FFF identifies only seven false 
positives along with the same- 13 'consensus positives' (data not shown). 



Detailed de^scnptors will only work on the expert- 
Qiencally deccrniined, high-c|ualicy stru enures. Ideally, 
lioweye r, die descn p to rs she uld wo rk, o n bo th cxp e ri- 
meiital strucmres and the cruder models provided by 
tertiary -structure -prediction, algorithiiis. 

The jdvaucages ofsuch an approach are that one need 
not establish jn evohicionary relationship in order to 
a.ssi^n function, that more than one hiuction can be 



a.ssit^ned to a given protein, [an is.sue of major impor- 
tance. becau.se protcim are niultifuncrionai (.Box [)j 
.ind, ultimately, that haviUL; a structure can provide 
deeper insi-^ht into the biological naechanism of pro- 
tein tu notion and regulation. The disadvantai^cs are that 
"one needs to have the procein's structure before a tiinc- 
don can be assigned and .that the approach is limited to 
those fuiicuoas a.ssociated with proteins witii ac least 
one solved structure, so that a functional -sice descnpcor 
can be constructed.. 

In -this sen.se, structure-to-functioa assignment can be 
thought of as 'tlmctional threading' - find the active- 
sice match in a library of descriptors for known protein 
active sites. This iS' the first step in the long process of 
using structure to assign liU levels of function, a goal 
that is made mcretisingly important with the emergence 
ot staictuail genomics. Based on the progress to date, 
It IS apparent diat structure will play an important role 
in the post-genomic era of biology. 
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Fetal Liver kinase- 1 (Flk-1) is a transmembrane tyrosine kinase that was identified in 
endothelial cells and populations of cells enriched in hematopoietic progenitors. To 
characterize the interaction of- Rk-1 with potential ligands the receptor extracellular domain 
was genetically fused to an alkaline phosphatase (AP) tag. A soluble ligand for Flk-1 
was identified in the supematants of numerous mesenchymal cell lines by co- 
^. immunopredpitation with the Flkl-AP fusion protein. This polypeptide was shown by 

h. N-terininal sequencing to be vascular endotheUal growth factor (VEGF). ^ 

.-■ . proteins can thus be used to identify soluble ligands as well as transmembrane ligands, and 

this approach is therefore likely to be widely applicable to many types of orphan receptor. 
The Flkl-AP soluble receptor was also foxmd to bind to cell surfaces, showing two apparent 
, classes of binding site with different affiruties. This interaction could be reconstructed by . 
introducing a VEGF expression plasmid mto ceils. These results indicate that VEGF 
presented at the cell surface can bind to the Flk-1 receptor, and could mediate a direct 
cell-cell interaction. The Flkl-AP fusion protein was also found to bind heparin, implying 
that ligand binding by the FIk-1 receptor may involve a three way interaction between the . 
Flk-1 receptor, VEGF, and heparin-Iike cell surface proteoglycans. . - 

KEYWORDS: receptor tyrosine kinase,, heparin, alkaline phosphatase 
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INTRODUCTION 

Cell surface receptors with an intracelluiar tyrosine 
kinase domain have powerful effects on prolifera- 
tion and other aspects of cell behavior. When acti- 
vated by mutatior; they can act as potent.oncogenes, 
and they have important roles in normal physiology 
and development (Schlessinger and Ullrich, 1992). 
In addition to the receptor t3nrosine kinases with 
known, ligands, many additional receptor-like ty- 
rosine kinases without known ligands have been 
identified, mostly by approaches based on the se-, 
quence conservation of the enzymatic tyrosine ki- 
nase domain. More than twenty of these orphan 
receptors are currendy without known ligands, and 
it is likely that the identification of those ligands will 
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make an important contribution to our understand- 
ing of cell-cell signaling. 

The Rk-1 receptor was identified by polymerase 
chain reaction of mRNA from populations of mouse 
fetal liver cells highly enriched for primitive he- 
matopoietic progenitors (Matthews etal,, 1991). The 
Rk-1 receptor, and an apparent human homolog/ 
KDR, was also found to be expressed in vascular" 
endothelial cells (Terman et al, 1991; Millauer et al., 
1993; Quinn et aL, 1993). Structurally, the Hk-l 
receptor has an extracellular region containing seven 
immunoglobulin-like domains, placing it in a sub- 
family with two other receptors that show close 
sequence homology. Those receptors are fit, which 
was shown to be a receptor for vascular endothelial 
growth factor (de VrieS; et al., 1992). and flt-4 
(Aprelikova et al, 19.92; Galland et al., 1992), a 
receptor still without a known ligand. . 

One approach to identifying the ligands of 
receptor tyrosine kinases is to use the receptor 
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extraceiluiar domam as a soluble affinity reagent. 
We have previously described the use of a soluble 
form of the c-kit receptor for that purpose (Ranagan 
and Leder, 1990). The receptor extraceiluiar domain 
was fused to placental alkaline phosphatase, provid- ■ 
ing the molecule with a tag. that binds to available 
antibodies and also has an intrinsic enzyme activity 
that can be easily and sensitively traced. This re- 
agent was used to detect the kit ligand as a trans- 
membrane molecule expressed at the cell surface 
(Ranagan and Leder. 1990). Similar approaches 
based on soluble receptor fusion proteins have now 
also been used- to identify other transmembrane 
ligands at the ceil surface (for example, Armitage et 
al., 1992; Lyman et al., 1993), 

Here we have applied the soluble receptor ap- 
proach to the Flk-l receptor and shown that this 
approach can be used to identify not only trans- 
membrane ligands. but also Ugands that are matrix- 
associated or soluble. The Rk-1 receptor was found 
by this approach to bind with high affinity to VEGP, 
an interaction also described by others (Millauer et 
al., 1993; Quinn et al„ 1993). The interaction was 
detectable in solution and also when VEGF was 
present at cell surfaces, where it is. bound via cell 
surface proteoglycan. In addition, the soluble Rk-1 
receptor itself was found to bind to heparin-agarose. 
These results suggest that a three-way -functional 
complex may be formed between the Rk-1 receptor,, 
VEGF, and specific heparin-like molecules at the 
surface of the ligand-presenting cell. 



METHODS 

Production of Flkl-AP Fusion Protein 

.The Rk-1 extracellular region cDNA was amplified 
by polyraerase chain reaction to create a HindHI- 
BamHI fragment, which was inserted into Hindlll- 
BgUI cut APtag-1 vector (Ranagan and Leder, 1990). 
The resulting Rkl-AP fusion plasmid encodes the 
entire extracellular domain of Rk-1 joiaed at Glu- 
762, via a four amino add linker (Gly-Ser-Ser-Gly), 
to the distinctively heat-stable seaeted human pla- 
cental alkaline phosphatase. A plasmid with the 
same vector sequences encoding unfused secreted 
alkaline phosphatase (SEA?) (Berger et aL, 1988) 
was also produced for use as a control Flasmids 
were linearized with Clal and transfected with the 
marker plasmid pSV7neo into NIH-3T3 ceUs by 
calcium phosphate precipitation. One day after 



transfection. cells were distributed into 96-well 
plates and selected with 400 ;zg/ml G413, After 
2 weeks, approximately 100 clones were screened 
for secretion of alkaline phosphatase activity by 
a coiorimetric assay as described (Ranagan and 
Leder, 1990), except that L-homoarginine was 
omitted from all alkaliae phosphatase assays here. 
Alkaline phosphatase activities are expressed here 
as OD units per hour (OD/hr), indicating the 
rate of hydrolysis of the chromogenic substrate 
p-nitrophenyl phosphate under the conditions 
used. One picomole of alkaline phosphatase pro- 
tein corresponded to an activity , of approximately 
30 OD/hn 



Co-immunoprecipitation with the Flkl-AP 
Fusion Protein 

For analysis of ^^S-labeled proteins in supematants/ 
cells . in 10 cm plates were rinsed twice in 
methionine-free DMEM, then incubated with 
200 /iCi/ml ^^S protein labeling mix (New England 
Nuclear, NEG-072) in 4 mi of methionine-free 
DMEM containing 10% dialyzed calf serum.. After 
8 hr, supematants were taken and concentrated 
10 fold by ultrafiltration. . 200^1 of concentrated 
supernatant was incubated for 90 min at room 
temperature with an equal volume of conditioned 
medium containing approximately 5 /ig/ml Flkl-AP 
fusion pTOtein.^The Rkl-.AP fusion protein was then 
irrununoprecipitated by incubating on a rotator for 
60 min with CNBr-Sepharose beads coupled to ex- 
cess monoclonal antibody against human placental 
alkaline phosphatase (Cat no. iMIA 1801/ Medix 
Biotech Inc,, Foster City, CA) and washing the beads 
six times in modified RIPA buffer (0.5% NF40, 0.5% 
NaDOC 0.025% SDS, 144 mM NaCl 20 mlvl Tris- 
HCI pH 8.0). ^^S-labeled proteins were separated on 
15% SDS-poiyacryiamide gels, which were then 
fixed,, treated with Enlightening (Nev/ England- 
Nuclear), dried, and exposed to X-ray film. 

To prepare proteins for microsequendng, 200 
of CNBr-Sepharose was conjugated with 400 .i/g 
anti-AP antibody and was then incubated .with a 
saturating amount of Hkl-AP conditioned medium 
for 1 hr at room temperature. The beads were then 
washed and treated mth the . aosslinking agent 
dimethylpimelimidate (Harlow and Lane, 1988). 
BMS-12 cells were grown in DMEM containing 1% 
bovine calf serum for 3 days. One liter of condi- 
tioned medium was collected and concentrated to 
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30 mi by ultrafiltration and was incubated with the 
' 200 /il of Hkl-AP conjugated beads. After 1 hr at 
room temperature the beads were packed into a 
. column, washed with 4 ml of modified RIPA buffer, 
1 ml of 10 mM sodiunn phosphate pH 6,8, and 
proteins . were then eiuted with 1 ml of 100 mM 
glycine, pH 2.5. The eiuted sample was concen- 
trated by TCA precipitation, run. on a 15% SDS- 
polyacrylamide gel,, and transferred to a PVDF . 
membrane (Matsudaira, 1987). The band of interest 
was cut out and gas-phase protein sequencing was 
performed as described (Tempst and Riviere/ 1989). 

Quantitative Assays of Flkl-AP Binding to Cell 
Surfaces or to Heparin Sepharose 

Cell, surface binding of , Flkl-AP was measured 
essentiaily as described previously for Kit-AP 
(Flanagan and Leder, 1990). Plates of ceils were 
washed with PfBHA . biiff er ' (Hank's balanced salt 
solution with 1 mg/ml bovine serum albumin, 
20 mM HEPES pH 7,0, 0.1% NaN3) - and- then 
incubated for 90 min at room temperature with- 
conditioned medium containing Ekl-AP fusion pro- 
tein or SEAP protein as a control. For some experi- 
ments the conditioned medium was diluted with 



HBHA buffer. The cells were then rinsed six times 
with HBHA buffer, lysed, and assayed for alkaline 
phosphatase activity colorimetrically as described 
(Flanagan and Leder, 1990). Scatchard analyses of 
cell surface binding data were performed with the 
LIGAND program (Munson and Rodbard, 1980), 

To test the effect' of heparinase on binding of 
Flkl-AP to the cell surface, ceils were incubated in 
DMEM without serum for 1 hr at 3 7 '^C with 0,25 
units/ml of hepannase (a gift from Ibex Technolo- 
gies/Montreal, Canada). To test binding of Flkl-AP 
to heparin-Sepharose, conditioned, medium con- 
taining Hkl-AP or SEAP was diluted into lO ml of 
20 mM HEPES pH 7.0, 150 mA^I NaCl and was 
loaded onto a 1 ml heparin Sepharose FPLC col- 
umn (HiTrap column, Pharmada) by recirculating 
overnight. Salt gradient elution was performed at a 
flow rate of 0.5 ml/min with collection of I mi 
: fractions. 



RESULTS 

The Rkl-AP soluble receptor fusion protein used in 
these studies is illustrated in Fig. lA. When immu- 
nopredpitated from, the supernatant of trans fected 
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HCURE I. A soluble receptor affinity reagent used to screen for cell surface or soluble ligands. (A) The structure of the Flkl-A? 
soluble receptor fusion protein, consisting of the seven immunoglobulin-like domains of the Flk-1 extracellular region fused to a 
human placental alkaline phosphatase tag. (B) Tne Flkl-AP fusion reagent was produced by transfected NIH-3T3 cells as a single 
major polypeptide of the expected molecular weight. The supernatant of a transfected clone expressing high levels of alkaline 
phosphatase activity was immunopredpitated with anti-AP beads and analyzed by electrophoresis on a 6% polyacrylamide gel 
followed by Coomassie blue staining. A Kit-AP fusion protein is shown for comparison (Flanagan and Xeder, 1990). (C) lUustrates the 
strategy used to perform an irdtial screen of cell lines for either a cell surface Ugand or a soluble ligand. To screen for a cell surface 
ligand.(left side) the cells were treated with FUcl-AP fusion protein, washed and then tested for binding of the soluble receptor by 
a sunpie colorimetric assay for bound AP activity. To test for soluble Ugand (right side) metaboUcally labeled supematants from 
candidate cell lines were mixed mth supernatant containing Flkl-AP fusion protein. The fusion protein, with any bound ligand, was 
immunopredpitated with anti-AP beads, and radiolabeled proteins were analyzed by gel electrophoresis. 
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ceils, the fusion protein appears as a single pronni- 
nent band with the expected apparent molecular 
weight of approximately 170 kDa (Fig. IB). This 
fusion protein retained alkaline phosphatase en- 
zyme activity, with a speciiic activity sinrular to that 
■reported previously (Flanagan and Leder, 1990). 
Individual clones of transfected cells selected for 
secretion of high alkaline phosphatase activity pro- 
duced approximately 5 A^g/ml of fusion protein in 
the supernatant. 

The strategy used to screen cell lines for produc- 
tion of a FIk-1 ligand is summarized in Fig-. IC. As 
Flk-1 was implicated as a receptor that might func- 
tion in hematopoietic progenitors and endothelial 
cells, we focused our initial ligand search on mes- 
enchymal cell lines such as bone marrow stromal 
cells and embryonic fibroblasts, on the basis that 
such cells might be expected to support the growth 
of the receptor-bearing cell types. Figure 2 shows 
the result of. a . screen for cell surface binding to 
thirteen cell lines/ including ten mouse bone mar- 
row stiromal lines_(BMS and BMSC lines), one mouse 
embryonic fibroblast line (STO), one rat ^liver cell 



line (BRL 3A.) and one mouse macrophage line 
(P388D1). The cells were treated with Flkl-AF to 
test for the presence of a candidate ligand and also 
with unfused SEAP as a control for background 
binding. In repeated experiments, each of the cell 
lines tested except P388D1 and BRL 3A showed 
cell surface bmding of Flkl-AF that was several 
times higher than the SEAP control. Representative 
results are shown in Fig. 2. - 

As a biologically significant receptor-ligand inter- 
action is expected to have a reasonably high affinity, 
a Sea tchard analysis of the cell surface binding was 
performed by carrying out the binding assay with 
varying amounts of Flkl-AP. The binding data give 
"a nonlinear Scatchard plot consistent with binding 
to two sites of different affinities on the cell surface 
(Fig. 3). This is in contrast to other AP tagged 
soluble receptors, such as the c-kit receptor, which 
give linear Scatchard plots when tested for binding 
to their ceil surface Hgands (Flanagan and Leder, 
1990; and unpublished data). The ; dissociation 
constants for Rkl-AP binding to the cell surface 
calculated from repeated experiments were approx- 
imately ;10'^°. M for the higher affinity site and 




FIGURE 2. Binding of Flkl-AP soluble affinity reagent to the 
surfaces of cell lines. Cell lines in 10 cm dishes were incubated 
with 4 nnl of conditioned medium containing Flkl-AP or SEAP as 
a control each at 600 OD/hr per ml, for 1 hr at roonn tempera- 
ture, then the cells were washed and analyzed for bound alkaline 
phosphatase activity. Celllines denoted BMS or BMSC are mouse 
bone marrow stromal lines- (M.-K.C, J.G.F., and N. Welch and W. 
Benjamm, Hoffman LaRoche Inc.). BRL 3A is a rat liver line, STO 
is a mouse embryo fibroblast line, and P388D1 is a mouse 
macrophage line. 



Bound (pM) 

FIGURE 3. Scatchard analysis of Flkl-AP binding to the surface 
of BMS-12 cells, BMS-12 hematopoietic stromal ceils in 10 on 
plates were incubated with varying concentrations of Flkl-AP " 
fusion protein in 4 mJ of medium, and were then washed and 
assayed for bound alkaline phosphatase activity. The inset graph 
shows the measured alkaline phosphatase activities. The, same 
data are shown as a Scatchard plot with a curve calculated for 
two cell surface binding sites of different affinities. The results of 
this experiment indicate approximately 170,000 sites per cell with 
a dissociation constant of 3.5 x 10"^ M and 6000 sites per cell 
with a dissociadon constant of 1.3 x lO"^'' M. 
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g-^ppj-oximately 10'^ M for the lower affinity site, and 
tf the numbers of sites per ceil were approximateiy 
i' SOOO and 100.000. respectively (Fig. 3). The .dissoci- 
^^Q^ constant of the higher affinity site is similar to 
r recent estimates of- the affinity of ^^^Mabeled VEGF. 
S^indin^^ to.Flk-1 receptor expressed on cell surfaces 
(J^ (MillaiJ^r et al.. 1993; Quinn et al.. 1993). 
^'^ In parallel with the screen for cell surface ligands. 
v/e also screened cell lines for secretion of soluble 
,-'Flk-l ligands by a co-immuno precipitation proce- 
dure (Fig. IC), Two polypeptides with apparent 
molecular weights of approximately 19 and 23 kDa . 
were detected pronunendy in supematants of all the 
cell lines tested, including those shown in Fig. 4 as 
well as the 9 additional hematopoietic stromal cell' 
lines described in Fig. 2. These bands were absent 




fro,m controls where unfused SE^\P was substituted 
for the Rkl-AP fusion protein (Fig. 4 A). Experi- 
ments where the amount of Flkl- A? fusion protein 
in the co-immunoprecipitation reaction was varied 
indicated that the affinity of the soluble receptor 
for these polypeptides was approximately in the 
nanomolar range, consistent with a biologically 
significant receptor-ligand interaction and with 
the results obtained from the ceil surface binding 
experiments. 

The yield of the candidate Flk-1 ligand polypep- 
tides in co-immunopredpitation experiments was 
several nanograms per mJ of supernatant, as judged 
by silver staining of gels (data not shown). This 
implied that amino add sequence information could 
be obtained from a moderate amount of conditioned 



FIGURE 4, Co-immunoprecipitation 
of candidate ligand polypeptides with 
Flkl-AP. (A) BMS-12 bone marrow 
stromal cells were fabeled with "*^S- 
methiunine, then the supernatant 
was collected and treated with Flkl- 
AP fusion protein or SEAP as a 
control, followed by immimopredpi- 
tation with anti-AP beads. Labeled 
proteins were then analyzed on a 
15% potyacr/lamide gel (B) Supema- 
tants from a variety of cell lines were 
co-immunoprecipitated with Flkl-AP, 
including a bone marrow stromal line 
(BMS-12), a liver ceU Une (BRL 3A), 
an embryonic fibroblast (STO)/ and a 
macrophage line {P388D1). 
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medium. One liter of supernatant from the BM5-12 
cell line was therefore concentrated and co- 
immunoprecipitated, yielding approximately 2 ag of 
each of the candidate ligand polypeptides. After 
blotting onto a PVDF membrane, the 23 kDa band 
was subjected to N-termmal peptide microsequenc- 
ing. The first nine airuno acids of the resulting 
sequence were found to match the N-terminal se- 
quence (APTTEGEQK) predicted from the cDNA of 
murine VEGF (Breier et al., 1992; Gaffey et al. 
1992). - . ^ . 

To confirm binding of VEGF to the Rk-l receptor, 
murine VEGF cDNAs were isolated by polymerase 
chain reaction (PGR). BMS-12 and two other lines 
(STO and P38'8D1) that express the 19 and 23 kDa 
co-immunoprecipitated polypeptides (Fig. 4) were 
tested by PGR and were each found to yield two 
prominent amplified bands visible by agarose gel 
electrophoresis (data not shown). Nucleotide se- 
quencing of the cDNAs in these bands indicated 
that they correspond to previously described alter- 
natively spliced forms of VEGF cDNA, called VEGF- 
1 and VEGF-2 (Breier et aL, 1992; Claffey et ah, 
1992). When expressed in GOS cells, both of these 
cDNAs yielded polypeptides m the supernatant that 
co-immunopredpitate with Flkl-AP fusion protein 
(Fig. 5). The apparent molecular weights yielded by, 
the VEGF-1 and VEGF-2 constructs, were approxi- 
mately 23 and 19 kDa respectively, corresponding 
in size to the two bands precipitated from BMS-12 
(Fig. 5). These results further confirm that the 19 
and 23 kDa polypeptides co-immunoprecipitated 
from BMS-12 and other cell lines are aknost cer- 
tainly VEGF polypeptides. The results also show 
that the VEGF-1 and VEGF-2 polypeptides both 
bind to the Flk-1 receptor. 

. It is known that VEGF can attach to the surface of 
expressing cells, and that this attachment can be 
eliminated by herparinase treatment (Ferrara et aL, 
1992). It therefore seemed possible that the binding 
of Flk-lAP to cell surfaces is mediated by VEGF 
associated with- cell surface proteoglycans. To test 
this, COS cells were transfected with VEGF-1 cDNA 
and tested for Rkl-AP binding. Un transfected GOS 
cells showed low levels of Flkl-AP binding, while 
cells expressing transfected VEGF showed much 
higher levels of binding (Fig. 6). Like the data from 
the BMS:12 stromal cell line, the binding data 
from^ the transfected COS ceUs are consistent with 
. binding to two sites of , different affinities, with 
apparent dissociation constants comparable to those 
measured for BMS-12 (Fig. 6). 




FIGUKE 5. Co-inununopredpitadon q( VHGF polypeptides 
with Flkl-AP. Two altemadyely spliced forms of VEGF cDNA, 
VEGF-1 and VEGF-2, were transfected into COS cells by the 
DEAE dextran method as . described (Flanagan et al./ 1991), 
BMS-12 ceils and transfected COS cells were metabolically 
labeled vsrith ^^S-methionine, then the supematants were col- 
lected and co-Lcninunopredpitated with the Flkl-AF soluble 
receptor fusion protein. 

To assess further the nature of the binding of the 
Flkl-AP protein to VEGF on cell surfaces, we tested 
the effect of treatment of the cells with salt or with 
heparinase. The binding of Flkl-AP to BMS-12 cells 
or to transfected COS cells was found to be alm.ost 
completely inhibited by the presence of 0.6 M.NaCl. 
Pretreatment of the cells with heparinase also re- 
moved most of the binding of Flkl-AF (Fig. 7 A). 
These results are consistent with an involvement of 
ionic interactions with heparin-like molecules at the 
cell surface. These interactions probably include 
binding of VEGF .to cell, surface proteoglycans, as 
VEGF is known to bind heparin {Ferrara et.aL, 
1992). In addition it seemed possible that the Flk-1 
receptor might itself bind directly to cell surface 
proteoglycans, particularly in view of the recent 
demonstration of an interaction of the FGF-Rl 
receptor with heparin (Kan et al., 1993). This pos- 
sibility, was. tested by applying the Flkl-AP fusion 
protein to a heparin- Sep h arose column. At pH 7.0 
and a NaCl concentration of 150 mlvl, the Flkl-AP 



INTERACTIONS OF FLKl-AP FUSION PROTEIN 



10- 



2- 

1 




(OD/hf) 




; \ c 




; \ o 




: A ^ 

1 \ 0^ 




; \ 0 
» \ ■ 


1000 2000 

_ Total (OD/hr) 


1 N. ' 
1 """--^^ 





10 



20 

Bound (pM) 



30 



40 



^I^^/JFIGURH 6. Scatchard analysis of Rkl-AP binding to the surface- 
^^■of'COS cells transfected with VEGF cDNA. COS cells in 6 cm 
^^>plates were treated with varying concentrations of Flkl-AP 
^^^^fusion protein in 2 ml of medium. The cells: were then washed 
J^.- and assayed for bound alkaline phosphatase activity. The inset 
teV^P^ shows the measured alkaline phosphatase activities for 
''gfcells transfected with VHGF-1 cDNA (squares) or vector alone 
||0[drdes). The same data are. shown as a Scatchard plot with a 
'^/■curve calculated for two cell surface binding sites of different 
^^affinities. The results of this experiment indicate approximately 
|S35,000 sites per cell with a dissociation constant of 1.1 x 10"^ M 
Wind 29..000 sites per cell with a dissociation constant - of 
^^d:ixT0-'°M. 



^^^fusion protein botmd to the heparin column (Fig. 
^^fe?^). SEAP alone did not bind effectively (Fig. 7B)/ 
Consistent with the low isoelectric point of placental 
^^^^^^ phosphatase which would give it a net 
^egative charge at pH 7.G. The Rkl-AP fusion 
'protein was also found not to bind to unconjugated 
ll^epharose (data not shown) indicating that it binds 
^^to the heparin moiety of the heparin-Sepharose 
i?patrix. Bound Flkl-AP fusion protein was eluted 
^om the heparin-Sepharose colunm by NaCl con- 
centrations of approximately 0.3 M (Fig. 7B), The 
Ipiteraction of Hkl-AP with the heparin column may 
■^||?e .^direct or ndght be mediated by other molecules 
jpresent in the conditioned medium. However, it is 
ipilikely that the Hkl-AP binding is mediated by 
^^VEGr, because the Hkl-AP concentration in the 
^conditioned medium is much . higher than the ex- 
pected concentration of VEGF. The results therefore 
^^ggest that bmding of the Hk-1 receptor extracel- ' 
^mar domain to heparin-like molecules may be 
p^volved in the formation of a three-way functional 
^l^omplex between the Hk-1 receptor, hepann-like 
"'^^mponents and VEGF. 



DISCUSSION- 

Hk-1 is one of a large number of receptor tj^^rosine 
kinases that were identified by the nucleotide se- 
quence conservation of the kinase domain, but 
initially had no known ligands. We and . others have 
previously used soluble versions of cell surface 
receptors to identify ligands that are transmembrane 
molecules (for example, Hanagan and Leder, 1990; 
Lyman et aL, 1993). However, it has been less clear 
whether the soluble receptor approach could also be 
generally applied to ligands that are soluble. Here 
we have used, a receptor-AP fusion protein to 
identify a soluble ligand , for. the Rk-1 receptor. 
The Hkl-AP reagent was used in a co-immuno- 
predpitation procedure to identify a candidate 
ligand in the supematants of numerous mesenchy- 
mal cell lines. Co-immunopredpitation from mod- 
erate amounts of supernatant allowed the isolation 
of a suffident yield of the ligand for peptide mi- 
crosequendng, showing that this ligand is VEGF. 
This growth factor was also shown by others to bind 
Hk-1 or its human homolog KDR, and was. found to . 
activate Hk-1 kinase activity (Terman et al., 1992; 
Millauer et al., 1993; Quinn et al„ 1993). These 
results support the idea that the soluble receptor 
affinity approach is Likely to be of general utility for 
the identification .and characterization of a wide 
variety of different types of ligand, whether they are 
. transmembrane, matrix-assodated'or soluble. 

Placental; alkaline phosphatase serves as a useful 
fusion protein tag. The availability of antibodies 
against placental alkaline phosphatase makes it 
straightforward to use procedures such as co- 
immunopredpitation. Moreover the'marker enzyme 
activity of the tag allows the fusion protein to be 
traced quantitatively by simple chromogenic assays 
without the necessity of purification, radioactive 
labeling, or the use of secondary reagents. We find 
that detection using the enzyme activity of AP 
fusion proteins is compatible with a variety of 
applications bncluding quantitative receptor-ligand 
binding studies, in situ staining for ligands, and 
library screening. The sensitivity of detection can be 
at least comparable to other methods, such as the 
use of purified and ^^^I labeled reagents (Hanagan 
and Leder, 1990; Hanagan et al., 1991; Omitz et al., 
1992, this paper, and unpublished data). 

VEGF was originally discovered as a secreted 
polypeptide that affects endothelial' cell growth and 
vascular permeability,, and it has been implicated as 
an important factor in angiogenesis assodated with 
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both tumor fonnation and normal development 
(Folkman and Klagsbrun, 1987; Breier et al., 1992; 
Claffey et al.. 1992; Ferrara et al.,,1992; Plate et al., 
1992; Shweiki et al, 1992; Kim et a!., 1993; Millauer 
et al.,' 1993; Quifin et al., 1993; MUlauer et al; 1994). 
In mice, two major alternatively spliced forms of 
VEGF mRNA and an^ additional, minor form have 
been identified (Breier et al., 1992; Glaffey et al., 
1992). In this study we found that Flk-l binds the 
protein products of both major alternative spUced 
forms of VEGF, VEGF-1 and VEGF-2: As Flk-1 is a 
receptor for VEGF and is expressed in endotheUal 
cells or their progenitors from early stages of devel- 
opment, it is lilcely that the interaction of VEGF with 
the Flk-l receptor has an important role in the 
control of angiogenesis (Millauer et al., 1993; Quinn 
et al., 1993;. Millauer et al., 19,94). The expression of 
Rk-l in populations of ceils highly enriched for 
primitive hematopoietic progenitors is .also, sugges- 



dve of possible roles for this receptor in hematppoie- 
sis (Matthews etaU 1991); and could be .consistent 
with the possible- existence in the embryonic, blood 
islands of a common progenitor for endotheUal cells 
and hematopoietic stem cells (Risau, 199,1). , • - . 

Receptor-ligand Interactions are typically studied 
at the surface of the receptor-bearing ceil, although 
the interactions of receptors, growth; factors and 
accessory molecules at the surface of the , iigand- 
presenting" ceil may also be an important determi- 
nant of biological activity. The use:., of soluble 
receptor fusion proteins, as desadbed' here;, allows a 
characteri2ation of such- interactions.- We- find: that 
the soluble Hk-l receptor binds VEGF-1 on the 
surfaces of expressing cells, without treatment, to 
release the factor into solution. These results indi- 
cate that when VEGF is associated with proteogly- 
cans or other molecules at the' surface , of Jhe 
expressing cell, it is not sequestered from direct 
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ffbindmg to its receptor and is thus likely to be 
fS^apable of mediating a direct cell-cell mteraction. 
f Interestingly/ the binding of soluble Flk-1 to YEGF 
on the cell surface produces a non-linear Scatchard 
plot consistent with 'binding to two classes of site 
v/i'th different affinities. This could be due to an 
involvement of heparin-like molecules in the inter- 
action. For example one model would be that the 
iower affinity site could represent a simple interac- 
tion between VEGF and Plk-1 only, while the higher 
affinity site could be produced by a further stabili- 
zation of this complex by heparin-like molecules 
interacting with both VEGF and FIk-1. Further 
support for this model comes from the finding that 
the soluble Rk-1 receptor can itself bind to heparin, 
suggesting the ^possibility of a direct interaction 
between the Flk-1 receptor and heparin-like mole- 
cules at the cell surface or in extracellular matrix. 
This model is also consistent with a recent report 
showing that the interaction of soluble VEGF and 
Ek-1 can be modulated by soluble heparin (Tessier 
et aL, 1994). . 

Our results suggest that there may be some cell 
type specificity in the ability to present VEGF. For 
example, the P388D1 and BRL 3A cell lines were 
fotmd to express VEGF polypeptides, but little or no 
Flk I -AP fusion protein bound to the surface of 
those ceil lines. Specific ceH surface proteoglycans 
may therefore be required to' present VEGF on the 
cell surface. In this regard, it is of interest that the . 
P388D1 line was recently shown to express a spe- 
cific subset of cell surface proteoglycans (Yeaman 
and Rapraeger, 1993). Specific interactions with 
accessory proteoglycans might play an important 
role in modulating the activity of VEGF and 
could represent potential targets for therapeutic 
intervention. 

In several respects VEGF is similar to basic, fibro- 
blast growth factor. They are both heparin binding . 
growth factors and have angiogenic activity in vitro 
and in vivo (Folkman and Klagsbrun, 1987; Ferrara 
et al., 1992; Plate et al, 1992; Shweiki et al., 1992; 
Kim et al., 1993; Millauer et al., 1994). Heparin-Uke 
mo-ecules are known to promote high affinity func- 
tional binding between both factors and their recep- 
tors (Klagsbrun and Baird, 1991; Rapraeger et ah, 
1991; Yayon et al., 1991; Bemfield et al., 1992; 
Gitay-Goren et al, 1992; Omitz et al, 1992). A 
receptor-heparin interaction was observed here for 
Rk-1, and has also been reported for the fibroblast 
growth factor receptor FGF-Rl (Kan et al.,' 1993). 
The specific spatial localization of angiogenic factors 
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on the cell surface or extracellular matrix and the 
effect of such interactions on the ability of their 
receptors to recognize these factors may play impor- 
tant roles in the control of angiogenesis. 
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